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Interaction between Instructional Practices, Faculty Beliefs and Developmental Mathematics 
Curriculum: A Community College Case Study 
Yevgeniy Milman 
Quantitative literacy, or numeracy, has been discussed as an essential component of 
mathematics instruction. In recent years community colleges around the nation introduced a 
quantitative literacy alternative to the developmental algebra curriculum for students placed into 
remedial mathematics. The QL curriculum consists of problem situations that are meant to improve 
numeracy through a combination of collaborative work and a student-centered pedagogy. There is 
little research that investigates the enactment of that curriculum.  
Research in K-12 indicates that teachers’ beliefs influence the enactment of curriculum, 
but studies that connect instructional practices and faculty beliefs are scarce. This study employs 
a multiple qualitative case study approach to investigate the alignment between four community 
college instructors’ beliefs about teaching, learning, the nature of mathematics, and curriculum on 
their enacted practices in two different developmental mathematics courses at a large urban 
community college (UCC).  One is a standard developmental algebra curriculum and the other 
curriculum is based on quantitative literacy. 
Data were collected through semi-structured interviews, classroom observations and field 
notes. The results indicate an alignment between the professed beliefs and enacted practices for all 
but one instructor in this study. The findings imply that curriculum plays a significant role when 
its intended design correlates with instructors’ belief systems. The study also discusses the 
differences in instructional practices across the quantitative literacy and elementary algebra 
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CHAPTER I: INTRODUCTION 
 
Need for the Study 
Community Colleges in the United States serve the unique role of providing open access 
to a large number of students seeking higher education. Two-year colleges were historically 
founded to provide students appropriate skills so that they could continue their studies at four-year 
institutions or prepare for technical careers (Townsend & Twombly, 2008). About 45 percent of 
all current college students in the United States are enrolled at public two-year colleges (Aud et al, 
2011). However, many of these students are ill-prepared for college-level work and require 
developmental courses.  A Community College Research Center study of over 250,000 students 
at 57 community colleges participating in the Achieving the Dream Initiative found that 59 percent 
of incoming community college students are placed in developmental mathematics courses with 
only 33 percent of referred students going on to complete the entire developmental sequence and 
only 20 percent completing the relevant entry-level college mathematics course (Bailey, Jeong, & 
Cho, 2010).  
 
Practitioners and researchers identify the students and faculty as well as the organizational 
structure and mission of community colleges as drastically different from those of other post-
secondary institutions (Mesa, Wladis, & Watkins, 2014).  Various initiatives have been 
implemented in the past decade to address the low success rates in developmental mathematics. 
The most common approaches include reorganization of the community college mathematics 
curriculum, mainstreaming developmental students into college-level mathematics courses with 
supplemental support, and modularizing the traditional curriculum with the aid of computer 




Quantitative literacy, or numeracy, has been an increasingly discussed idea in mathematics 
education over the last thirty years (Steen, 2004). Mathematics educators have come to recognize 
the importance of preparing students for the quantitative challenges they will face in their careers 
and lives. There has been increased attention paid to adult numeracy as an essential component of 
developmental mathematics instruction. Numeracy can be defined as the ability to use and analyze 
mathematics in the context of everyday life.  As a consequence, the U.S. Department of Education 
funds programs to improve the research and practice of adult numeracy (Condelli, 2006).   
In recent years some community colleges introduced an alternative to developmental 
algebra curriculum based on quantitative literacy for students placed into remedial mathematics 
courses. One such curriculum is the Carnegie Foundation’s Quantway® program (Merseth, 2011). 
The curriculum consists of problem situations that are meant to improve numeracy through a 
combination of collaborative work and a student-centered pedagogy.  The preliminary results show 
that 56% of students enrolled in Quantway® across 11 participating colleges successfully complete 
the course outpacing the success rate of the elementary algebra courses offered at the same 
institutions (Sowers & Yamada, 2015).   
There is a need to investigate how the reformed curriculum, such as Quantway®, is enacted 
by the community college instructors. Research indicates that curriculum influences teaching 
practices (Ernest, 1988; Thompson, 1992). Specifically, curriculum design interacts directly with 
instructor’s beliefs about teaching and learning, the nature of mathematics, and students. This 
interaction manifests itself in teaching: if the teacher does not believe that a particular curriculum 
design is valuable, then the teacher’s practices may deviate from the intended design and correlate 
more with his or her belief systems. Also, if curriculum is highly structured, then it might not offer 




In addition, there is little research that examines the relationship between instructor’s 
beliefs and enacted practices at the collegiate level (Speer, Smith, and Horvath, 2010).  As a result, 
most professional development programs that prepare instructors to teach at the college level is 
not evidence based. Research at the K-12 level demonstrates that mathematics teaching practices 
are influenced by teachers’ beliefs (Phillip, 2007; Pratt, 1992; Thompson, 1992; Schoenfeld, 
2011).   
Purpose of the Study 
The purpose of this study is to investigate the alignment between community college 
instructors’ beliefs about teaching, learning, nature of mathematics, students and curriculum on 
their enacted practices in two different developmental mathematics courses at a large urban 
community college (UCC).  One is a standard developmental algebra curriculum and the other 
curriculum is adopted from Quantway®. In addition this study analyzes the differences in enacted 
practices between the two developmental mathematics curricular.  
   
The research questions for this study are:  
 
• What is the relationship between faculty members’ professed beliefs about teaching 
developmental mathematics and enacted classroom practices? How does that relationship 
differ across different curricula?  
 
• Are there differences in student engagement, cognitive demand of instruction, access to 
mathematical content, and use of formative assessments between classes that use an 





Procedures of the study 
 This study is situated in a large urban community college and it is focused on four 
community college instructors teaching two distinct developmental mathematics courses: 
elementary algebra (EA) and quantitative literacy (QL) over the course of Fall 2015 semester at 
UCC. Each case was chosen based on specific characteristics described in methodology chapter. 
The mathematics department of this college is involved in the initiative to reorganize the 
curriculum by adopting the quantitative literacy curriculum as an alternative to the algebra 
curriculum for students who do not require intermediate algebra and pre-calculus for their program 
of study. This was done in an effort to improve the low passing rates in developmental algebra 
courses. The program claims to combine unique pedagogy and curriculum that is situated in a real-
world setting with the goal of providing students with the necessary skills to be successful in 
mathematics.   
 A qualitative research design was selected because this study was conducted in a natural 
setting with direct interactions between the researcher and subjects. This study uses a multiple case 
study method to describe the emergent theory through grounding the research findings. To answer 
the posed research questions, in-depth data collection using two semi-structured interviews, two 
video-recorded class observations, field notes of class observations, and faculty surveys were 
collected for each instructor.  
 
  To answer the first research question, each study participant was interviewed at the 
beginning of the study prior to faculty training as well as at the conclusion of the study. The 
interviews were analyzed to establish each instructor’s professed goals or intentions in teaching 




about teaching, students, the nature of mathematics and curriculum). The enacted practices were 
described based on classroom observations and field notes.  
 In particular, the model of mathematics teaching was identified based on each instructor’s 
professed orientations and each instructor’s enacted practices. The model of mathematics teaching 
is described in the literature chapter. It is broken down into 4 models described by Kuhs and Ball 
(1986): (1) learner focused, (2) content focused with emphasis on conceptual understanding, (3) 
content focused with emphasis on performance, (4) and classroom focused with mathematical 
teaching based on knowledge about effective classrooms. Based on the responses to the 
questionnaires, a subset of instructors was interviewed to clarify and expand on questionnaire 
items. Interviews were conducted at the beginning and at the end of this study. Interviews were 
also followed by lesson observations to collect field notes. 
         
                To answer the second research question, each pair of  observed lessons was analyzed 
and compared across five dimensions of the Teaching for Robust Understanding in Mathematics 
(TRU Math) rubric (Schoenfeld, 2014; Schoenfeld & Floden, 2014; Schoenfeld, 2015). The rubric 
required that each lesson be divided into episodes between 5 and 20 minutes in duration according 
to the mode of instruction observed. Then each episode was given a score for each dimension. A 
score ranged from 1 to 3 in 0.5 increments. A higher score indicated a higher level of complexity. 
A rubric for each mode of instruction was provided with TRU Math (Schoenfeld & Floden, 2014). 
After each lesson was coded, the average score was calculated for each dimension. Then the overall 
description of both lessons was given, focusing on each dimension. The field notes were used to 




ANOVA was used to test the significance of differences among average scores for each dimension 
between the pairs of lessons observed.  
Outline of the study 
Chapter II presents relevant literature on the community colleges, developmental 
mathematics, teachers’ beliefs and the relationship between teachers’ beliefs and instructional 
practices.  
Chapter III presents methodology. This study employs qualitative multiple case study 
methodology. The cases are the four instructors teaching at UCC.  The chapter presents research 
setting, the developmental mathematics sequence at UCC, study sample, methods of data 
collection and analysis. Validity and reliability is also addressed.  
Chapter IV is divided into four cases describing data that were collected for each 
instructor and presents analysis of these data to address research questions. The summary of 
results is provided at the end of each case.  
Chapter V presents the discussion of the cumulative results obtained from all the study 
participants. The detailed answer to each research question is provided. In addition this chapter 








CHAPTER II: LITERATURE REVIEW 
Introduction 
 This chapter provides overview of literature relevant to this study. The chapter starts with 
the discussion on the role community colleges play in the postsecondary education. Then the 
developmental mathematics education at community colleges is discussed, focusing on the low 
success rates and the ways colleges are trying to address it. Next the description of community 
college faculty is given. Then the focus narrows on the relationship between teacher’s beliefs, 
knowledge and instructional practices. Given the limited research at the collegiate level, the 
literature on teacher’s beliefs, knowledge and practices in K-12 setting is described.  
   
The Role of the Community College 
"In the coming years, jobs requiring at least an associate degree are projected to grow twice as 
fast as jobs requiring no college experience. We will not fill those jobs – or keep those jobs on our 
shores – without the training offered by community colleges.” – President Barack Obama 
Community colleges hold a special place in post-secondary education in the United States 
educating about 43% of all undergraduate students based on the 2011-2012 academic year statistics 
(NPSAS:12). There are several characteristics that make community colleges unique institutions. 
First, the majority of community colleges have an “open door” policy requiring only that students 
possess a high school diploma (or equivalent) to be admitted and they can potentially advance 
one’s career and economic stability (Bailey, 2009; Grubb, 1999; Levin & Calcagno, 2008). They 
are often labeled as “second-chance” institutions allowing students who were not successful in the 
past to demonstrate sufficient academic rigor to obtain a postsecondary degree and/or be eligible 




Rutschow, & Schneider, 2012). Second, community colleges educate a significantly higher 
percentage of underrepresented students, which includes low-income people, first-generation 
college students, and ethnic minorities. Based on 2013 data, 41% of all first-time freshman, 52 % 
of black, 57% of Hispanic, and 61% of Native American undergraduate students attend community 
college (Berkner & Choy, 2008; NPSAS:12). 
The enrollment in community colleges has more than tripled in the past few decades 
growing from 2.2 million in 1970 to 7.2 million in 2010 (Snyder & Dillow, 2012). At the same 
time, the graduation rates remain drastically low. One statistic indicates the three-year graduation 
rate was below 20% for first-time, full-time students. Students at public four-year colleges had a 
six-year completion rate of 29% (Snyder & Dillow, 2012). Another statistic shows that 80% of 
students entering community college intend to earn a bachelor’s degree or higher while only 15% 
manage to do so within six years (Horn & Skomsvold, 2011). 
Developmental or Remedial Courses 
 
The low success rate can be attributed to the insufficient preparedness of the students 
entering community college, including low proficiency in basic academic skills in mathematics, 
writing and reading. As a result, many beginning students are placed in a developmental 
(sometimes referred as remedial) course or courses. A developmental course is at least one level 
below the credit-bearing entry-level course. Federal and State governments do not have a uniform 
definition of developmental mathematics. 
Both the National Association of Developmental Education (NADE) and the College 
Reading & Learning Association (CRLA) define developmental instruction as one that meets at 




1. Pre-collegiate mathematics courses that are designed to prepare students for the study 
of college-level mathematics, as defined by entrance requirements of the institution. 
The levels of developmental mathematics courses vary from basic arithmetic through 
any prerequisite course(s) for calculus.  
2. Instruction that may contain one or more of the following topics: arithmetic operations, 
math symbolism, geometry and measurement, functions, discrete math algorithms, 
probability and statistics, and deductive proofs.  
3.  Specialized mathematics instruction for students who do not meet entry into a college-
level mathematics course.  
 One report found that 58% of a national sample of students attending community colleges 
between 1988 and 2000 took at least one remedial class (Attewell, Lavin, Domina, & Levey, 2006). 
The Achieving the Dream project found that 59% of students in 83 surveyed community colleges 
were enrolled in at least one developmental course over a 3-year-period. Only 44% completed a 
developmental reading sequence and only 31% entered college-level mathematics courses. The 
figures are 22% and 16% for reading and mathematics respectively for those students who enter 
three or more levels below college-level mathematics (Bailey, 2009; Zachry Rutschow et al., 
2011). Bahr (2008) studied 107 community colleges and found that about 75% of developmental 
students did not complete the mathematics remediation and over 80% did not graduate or transfer 
within 6 years.  
Various reform initiatives have been organized to address the low success rates in 
community colleges. The Health Care and Education Reconciliation Act of 2010 included $2 
billion for community colleges and career training; one of its foci was to improve the teaching of 




Achieving the Dream: Community Colleges Count, the national reform network of over 200 
colleges in 35 states with the mission of increasing the proportion of Americans with “high-
quality” degrees to 60% by the year 2025 (Bailey et al., 2015; Zachry Rutscho et al., 2011). By 
2013, the Bill and Melinda Gates Foundation invested $343 million in community colleges (Parry, 
Field, & Supiano, 2013).   
The reform initiatives focus on improving instruction, using alternative curricula, 
expanding the use of technology, and expansion of distance learning programs.  For students who 
are not selecting a science-technology-engineering-mathematics (STEM) major, statistics is often 
a part of their degree program (Steen, 2004). In addition, collection and analysis of data is an 
important part of everyday function of private and public agencies. Employers look for candidates 
who possess strong statistical and quantitative literacy skills. Elementary or college algebra is a 
common pre-requisite for statistics. For many students, algebra is perceived as a collection of rules 
and procedures for manipulating symbols and numbers and has no apparent relevance or 
significance for future courses (Johnson, 2004). As an alternative to algebra, a curriculum 
combining elements of quantitative literacy, statistics and algebra embodied with the use of 
relevant and authentic content coupled with problem solving and cooperative learning is often 
introduced to developmental instruction (Mesa, 2014).  One example of a current initiative is the 
Carnegie Foundation programs Quantway® and Statway® that will be discussed further in this 
study. 
Many community colleges have more than one developmental course that are placed in a 
sequence from the most fundamental to the more advanced (Bailey, 2009). In mathematics the 
common sequence starts with pre-algebra, followed by elementary algebra, and then intermediate 




registering for a subsequent course for one or more semesters, thus forgetting some of the skills 
learned and subsequently performing poorly in the next course (Bailey et al., 2010; Levin and 
Calcagno, 2008). The initiatives that address this include shortening the path to credit-bearing 
courses for students placed in developmental courses or placing students who need remediation 
into credit-bearing courses with supplementary tutoring covering basic skills (Sitomer et al.,  
2012). 
The early reports on success of the various initiatives are still inconclusive (Bailey, 2009; 
Bailey, 2015; Sitomer et al., 2012, Zachry Rutschow & Schneider, 2012).  Also, there is no uniform 
reform strategy. For instance, only about ¼ of interventions at the Achieving the Dream colleges 
involved new instructional techniques, reform of college-level curricula, or changes in classroom 
instruction with greater focus on tutoring and supplemental support services (Zachry Rutschow, 
2011).  
Community College Instructors 
Instructors at community colleges are diverse in their experience, education and teaching 
styles. Most community colleges indicate excellent teaching as their top characteristic in their 
mission statements. Excellent teaching requires exceptional instructors. Whether to grant tenure to 
full-time instructors is assessed primary on the basis of their teaching. Scholarly research is 
acknowledged but not required in most institutions (Astin, Korn, & Dey, 1991; Grubbs, 1999).  
At the research university there is a major demand for producing new knowledge and a 
great part of being successful means answering the demand on the quality and quantity of research 
published by a faculty member. At community colleges the research component is less relevant 
given their mission. Only 5% of participants in a 1997 national survey of community college 




average number of articles published per faculty member at CC in the 2002-2003 school year was 
less than one (Rosser & Townsend, 2006). Community college faculty spend almost 19 hours a 
week teaching. Factoring in grading papers, preparing for classes and student advisement, 85% of 
faculty time is spent on instruction (Rosser & Townsend, 2006), which is significantly greater than 
the instructional load at the other types of institutions. The faculty members are essential members 
of an institution. They enable higher education institutions to meet numerous demands, such as 
retaining students, meeting increasing accountability requirements, and sustaining the mission of 
the institution (Gappa, Austin, & Trice, 2007). 
While it is expected that faculty who teach at the community college are committed to be 
excellent teachers, in practice, it is not always the case. The faculty members hired are usually not 
trained directly to teach, but it has been suggested that a master’s degree in the teaching subject 
field is necessary to be considered for employment (Rosser and Townsend, 2006). The specific 
teacher’s certification is not required, and new faculty have little understanding of the structure of 
the institution, the diversity of the student body, and the methods needed to be an effective teacher. 
The majority of professional development that is done at the community colleges is 
centered on improvement of teaching. Many community colleges offer financial support to attend 
professional conferences, workshops on teaching and learning, tuition waivers for full-time faculty 
to take courses, as well as sabbatical leaves and release time to work on projects to improve 
teaching (Murray, 2001). Institutions provide these incentives to help faculty members become 
better teachers and, in turn, help uphold their mission statements.  
Murray (1999) argues that there is a lack of comprehensive faculty development effort on 
college campuses. He attributes it to the lack of cohesiveness between various efforts. He further 




outlines the components that he believes are essential for an effective faculty development 
program: “Institutional support, that is a climate that fosters and encourages faculty development; 
a formalized, structured, and goal-directed development program; a connection between faculty 
development and the reward structure; faculty ownership; support from colleagues for investments 
in teaching; and a belief that good teaching is valued by administrators.”(p. 48). Murray conducted 
a study that involved a survey of 130 community colleges and showed that these colleges possessed 
three of the six components that he listed: institutional support, reward structure, and colleague 
support for investment in teaching. However, the survey indicated a lack of leadership as well as 
a lack of formalized programs that incorporate cohesive initiatives focusing on the mission 
statements of the colleges.   
The lack of formalized programs was also observed by Grubb (1999). In his study of sixty 
community colleges, Grubb described the clear isolation of faculty members who must often teach 
themselves how to be effective instructors. They indicated limited collaboration with peers and 
limited support of administration when it came to improving their teaching skills.   
Goldrick-Rab (2010), in her review of factors that contribute to student success at 
community colleges, parallels Murray’s 1999 study in noting the lack of comprehensive 
professional development programs. However she includes adjunct faculty in her discussion and 
states a lack of financial support available to community college professors for activities such as 
curriculum development, regular meetings to discuss teaching, lesson studies, and assessment of 
performance. She gives an example of California Community Colleges that have declined outside 
funding available for community college faculty (Goldrick-Rab, 2010). Her example does not 
reflect the results of Murray’s study in which a majority of community colleges in the study 




to the fact that the institutional support was geared towards full-time faculty, and it was not focused 




Instructors of academic subjects vary in their teaching practices. Researchers define two 
extremes on the spectrum of pedagogical approaches: teacher-centered and student-centered.  This 
classification is based on research conducted in a K-12 setting, but it is relevant when discussing 
teaching practices in general. 
Teacher-centered, also referred as passive or didactic, instruction is based on the 
behaviorist theory of learning where students are motivated by rewards and punishment of the 
grades assigned by teachers (Brown, 2003; Knapp, 1995). The instruction can be characterized as 
“mimetic” because students copy the information they receive from their instructor. Sometimes 
the terms content-centered or curriculum-centered classroom is used to describe instruction 
motivated by a rigid course syllabus with clearly defined expectations. Such classrooms are 
influenced by standardized assessments (Kember & Kwan, 2002). In such a classroom “skills and 
drills” are commonly used to supplement the lecture mode of instruction. Students are passive 
learners who aspire to do well on class assessments. Students are introduced to small “bits” of a 
whole where students do not often see the big picture or relevance of the content.  
The student-centered approach is also referred as meaning-making, progressive, 
constructivist, or holistic (Brown, 2003; Knapp, 1995). It is characterized by active instruction 
with emphasis for students to build their own understanding of content. Instructors in such 





In the United States it has been documented that teachers at K-12 level, for most part, are 
focused on procedural fluency (Klipatric, Swafford, & Findell, 2001). A large study conducted by 
James Stigler and James Hiebert (2009) demonstrated the vast differences in math teaching across 
8th grade classrooms in the United States, Germany and Japan. The most striking difference is the 
focus on definitions and procedures in US math classrooms while classrooms in Japan put a greater 
focus on developing new ideas by connecting lesson objectives with the mathematical ideas of a 
lesson. Students in the US who were observed in the random sample of classes practiced routine 
procedures without attempting to analyze content in meaningful and deeper ways.  Japanese 
classrooms used an approach of a “structured problem solving” focusing on challenging tasks with 
a balance of learning procedures, making connections across lessons and building knowledge 
through structured productive struggle. 
The study by Stinger and Hiebert was conducted in a school setting, but it is relevant in 
describing US pedagogy in general. One of the studies by Norton Grubb (1999) observed remedial 
instruction at 13 California community colleges and similar themes emerged: the instruction, for 
most part, was focused on disconnected subskills with routine procedures. Students’ feedback was 
not built upon and instructors provided answers when students were making errors or simply 
guessing: there was no opportunity for students to struggle on a given task.  
Based on the results of the study, Grubb concluded that “balanced/constructivist” 
approaches to pedagogy at the remedial level of mathematics instruction is preferred to 
“behaviorist” approaches. Realizing the constraints community college instructors face, he 
suggested finding a balance in instructional practices.  
A few studies that explored teaching at community colleges showed the dominance of 




The American Mathematical Association of Two-Year Colleges developed a set of standards 
focusing on problem solving, collaborative learning, and making explicit connections, with less 
emphasis on routine procedures requiring memorization (Grubb, 2013).  
Educators at community colleges express their support for constructivist theories while 
their teaching reflects behaviorist theories (Grubb, 1999). In other word instructors claim to 
support more student-centered pedagogy but their practices reveal more teacher-centered 
instruction. Instructors claim that the extensive curriculum of developmental mathematics courses 
does not leave them adequate time to practice more student-centered instruction (Baker & Epper, 
2009). Instructors at community colleges do not easily adopt the research findings about teaching 
that come from research universities. Chung (2005) has proposed creating a theory of teaching 
developmental courses based on the experience and personal beliefs of instructors. 
It is important to emphasize that these pedagogical approaches are not discrete and a 
teacher can fall anywhere on the continuum between the two described extremes. Teaching 
practices influence the level of student engagement, critical thinking, and learning among students 
(NCTM, 1989). Therefore, it is important to consider sources that influence various practices.  
The researchers have explored the factors that influence teaching practices. The following 
factors prove to play a significant role (Borko & Putnam, 2000): 
• Nature and content of a subject matter 
• Curriculum 
• Teacher’s beliefs and conceptions 
• Social context 
• Content Knowledge 
• Pedagogical Content Knowledge 






Teachers’ beliefs and conceptions 
Teacher’s beliefs and conceptions have a major influence on what teachers do in their 
classrooms (Borko & Putnam, 2000; Calderhead, 1996; Handal, 2003; Pajares, 1992; Philipp, 
2007; Thompson, 1992). In an educational setting, teacher’s beliefs, conceptions and knowledge 
are terms that are commonly discussed and, at times, interchanged.  In the research on teacher 
thinking, however, there is a difference between these terms. Thompson (1992) describes several 
ways in which beliefs are different from knowledge: beliefs have varying degrees of conviction; 
beliefs are not consensual; and, unlike knowledge, they are characterized by a lack of agreement 
over how they are to be evaluated (p. 129-130). Also, distinction between conceptions and beliefs 
is made. Conceptions are broader constructs and have more general mental structures consisting 
of beliefs, meanings, rules, propositions, and concepts (Kuhs and Ball, 1986; Thompson, 1992).  
Pratt (1992) described a conception of teaching as “a dynamic and interdependent trilogy of  
actions, intentions and beliefs.” In this description beliefs inform the intentions, which in turn 
influence the process of teaching.  
Mathematics education research discusses teacher’s beliefs as belief systems working together 
and is outlined below (Ernest, 1989; Prawat, 1992):  
• Belief about teaching and learning 
• Belief about nature of mathematics 
• Belief about curriculum and its use 
• Belief about students 
 
Teachers use these beliefs to screen their teaching decisions in addition to relying on 
curriculum and their pedagogical knowledge (Clark & Peterson, 1986). Kuhs and Ball (1986) 
proposed four distinctive views on teaching mathematics that teachers hold.  First is learner-




with an emphasis on conceptual understanding, where content drives instruction and conceptual 
understanding is sought. Third, is content-focused with an emphasis on performance, where 
mastery of rules and procedures as well as performance on assessments is valued. Fourth is 
classroom-focused, where effective classroom strategies are emphasized.  
The teacher’s belief system concerning the nature of mathematics consists of implicitly held 
philosophies. Ernest (1988) outlines three common philosophies held by teachers: the 
instrumentalist, the Platonist, and the problem-solving views of mathematics. Mathematics is 
perceived as a collection of facts, rules and skills in the instrumentalist view. The Platonist view 
of mathematics is a static but unified body of knowledge. Mathematics is perceived as a dynamic, 
continually expanding filed of human invention in the problem-solving view. These views create 
a hierarchy with instrumentalism at the bottom level involving recollection of basic rules, followed 
by the Platonist view, involving some elements of discovery and globally acceptable practices. At 
the highest level is the problem-solving view, involving mathematics located in a social context 
undergoing expansion and refinement (Earnest, 1989; Thompson 1992).    
There are parallels between beliefs about teaching and learning and beliefs about the nature of 
mathematics. Instructors who incline more towards the instrumentalist view of mathematics would 
favor the “drill theory” of instruction, where memorization of rules and procedures is valued and 
collaboration between students is limited. The instructor adhering the Platonist view would value 
content at the forefront of the instruction, allowing students to build their own understanding of 
presented material. Lastly, the instructor who follows the problem-solving view of mathematics 
would teach in a learner-focused classroom where emphasis is on construction of students’ own 
understanding through active collaboration. The instructor acts as a facilitator in such a classroom. 




relation to the philosophies that teachers hold concerning the nature of mathematics as proposed 
by Earnest (1989). 
Table 2.1 
Four Models of Mathematics Teaching 
 
Type Description Related philosophy 
on the nature of 
mathematics   
Learner-
focused 
• Learner constructs mathematical knowledge 
• Constructivist view of mathematics learning 
where the student is actively involved in 
making sense by “doing mathematics” 
• Instruction is focused on problem solving 
• Teacher is a facilitator 




an emphasis on 
conceptual 
understanding 
• Concepts rather than procedures are 
emphasized  
• Curriculum influences the order of 
instruction 
• Instruction is focused on logical relations 
among mathematical ideas 




an emphasis on 
performance 
• Instruction is focused on mastery of 
mathematical rules and procedures 
• Students are taught exact, rigorous, 
mathematical language 
• Role of a teacher is to demonstrate, explain, 






• Curriculum is established by the institution 
• Lessons are highly structured 
• Teacher directs all class activities based on 





Philipp (2007) conducted a literature review of mathematics teachers’ beliefs and affect 
which outlines several important studies that relate to the connection between teachers’ beliefs and 
practice.  The focus of the review is on the research conducted since the publication of the first 
Handbook of Research on Mathematics Teaching and Learning (Grouws, 1992). The review starts 




Doug McLeod’s chapter on Affect.  Philipp gives a working definition of several important terms 
used by the researchers:  
Affect—a disposition or tendency or an emotion or feeling attached to an idea or object. Affect is 
comprised of emotions, attitudes, and beliefs. 
Emotions—feelings or states of consciousness, distinguished from cognition. Emotions change 
more rapidly 
and are felt more intensely than attitudes and beliefs. Emotions may be positive (e.g., the feeling 
of “aha”) or 
negative (e.g., the feeling of panic). Emotions are less cognitive than attitudes. 
Attitudes—manners of acting, feeling, or thinking that show one’s disposition or opinion. Attitudes 
change 
more slowly than emotions, but they change more quickly than beliefs. Attitudes, like emotions, 
may involve 
positive or negative feelings, and they are felt with less intensity than emotions. Attitudes are more 
cognitive 
than emotion but less cognitive than beliefs. 
Beliefs—Psychologically held understandings, premises, or propositions about the world that are thought 
to be true. Beliefs are more cognitive, are felt less intensely, and are harder to change than attitudes. 
Beliefs might be thought of as lenses that affect one’s view of some aspect of the world or as 
dispositions toward action. Beliefs, unlike knowledge, may be held with varying degrees of 
conviction and are not consensual. Beliefs are more cognitive than emotions and attitudes. 
Beliefs System—a metaphor for describing the manner in which one’s beliefs are organized in a cluster, 
generally around a particular idea or object. Beliefs systems are associated with three aspects: (a) 
Beliefs within a beliefs system may be primary or derivative; (b) beliefs within a beliefs system 
may be central or peripheral; (c) beliefs are never held in isolation and might be thought of as 
existing in clusters. 
Conception—a general notion or mental structure encompassing beliefs, meanings, concepts, 
propositions, rules, mental images, and preferences. 
Identity—the embodiment of an individual’s knowledge, beliefs, values, commitments, intentions, and 
affect as they relate to one’s participation within a particular community of practice; the ways one 
has learned to think, act, and interact. 
Knowledge—beliefs held with certainty or justified true belief. What is knowledge for one person may 
be belief for 
another, depending upon whether one holds the conception as beyond question. 
Value—the worth of something. A belief one holds deeply, even to the point of cherishing, and acts upon. 
Whereas beliefs are associated with a true/false dichotomy, values are associated with a 
desirable/undesirable dichotomy. Values are less context-specific than beliefs.  
(Philipp, 2007, p 259) 
 
The terms above are sometimes interchanged by various researchers. The beliefs are rarely 
characterized under affect. In the study on teacher’s beliefs distinction is made between beliefs, 
conceptions, and knowledge as described in the figure above. Teachers’ orientations and teachers’ 




The definition of affect originates in the literature review on the affective domain 
conducted by McLeod (1992). He focuses his attention on three components of affect: emotions, 
attitudes, and beliefs. Emotions can be positive or negative, change quickly, are less cognitive and 
are felt more intensively. Attitudes are more cognitive, more stable and are felt less intensely than 
emotions. Emotions can become attitudes when the same emotional response is duplicated by an 
experience related to mathematics (McLeod, 1992, as cited in Phillip, 2007). Since attitudes are 
more stable, they can be measured with questionnaires. The most cognitive component of affect is 
belief. Beliefs are also stable and develop over time. McLeod (1992) describes four categories: 
beliefs about mathematics, beliefs about self, beliefs about mathematics teaching, and beliefs about 
social context.  
The constructs related to beliefs are values and knowledge. Beliefs are viewed to be either 
true or false while values are perceived as desirable or undesirable. As a result, beliefs are more 
context dependent. Teachers’ different priorities can change their pedagogical practices to focus, 
for instance, on procedural fluency due to requirements of the administration or state pressure for 
students to perform well on a standardized examination. Therefore, a researcher who analyzes 
teachers’ beliefs must assess context that surrounds a given subject (Philipp, 2007, p.266).  
 
Teachers’ knowledge 
When teaching an academic subject, content knowledge is necessary but not sufficient. 
Researchers addressed the question of what resources and heuristics teachers use in their teaching. 
Lee Shulman (1986) described three different types of knowledge related to the content of a given 
subject: content knowledge, pedagogical content knowledge, and curricular knowledge. Each type 




describes content knowledge as “the amount and organization of knowledge per se in the mind of 
the teacher” (p.9). Content knowledge requires not only knowledge of facts of a given subject area, 
but also requires understanding of the origins of these facts and why they are important. The 
pedagogical content knowledge is the knowledge that is necessary to explain the subject to students 
through the use of methods adopted by teachers that facilitates learning; these methods can be 
research based or obtained through a teacher’s experience. Part of this knowledge is being able to 
understand what makes specific topics comprehensible by students of different preparedness and 
backgrounds.  
Shulman described pedagogical content knowledge (PCK) as “the blending of content and 
pedagogy into an understanding of how particular topics, problems, or issues are organized, 
represented, and adapted to the diverse interests and abilities of learners, and presented for 
instruction.”  PCK includes the use of powerful examples, explanations, and demonstrations that 
makes the subject comprehensible to students (Shulman, 1987). 
The curricular knowledge is the teacher’s thorough understanding and effective use of 
materials used to teach a subject matter (textbook, software and supplementary resources). This 
includes alternative approaches available for teaching specific content topics. He noted scholarship 
in content disciplines; the curriculum and setting of instruction; and research on schooling, human 
learning and culture as sources of teacher curricular knowledge.  
In addition to describing the kinds of teacher knowledge, Shulman defines three forms of 
teacher knowledge propositional, case and strategic knowledge. Propositional knowledge consists 
of practical knowledge related to what teachers do on daily basis driven by teachers’ morals and 




events that happened in the classroom. Strategic knowledge consists of knowing how to react when 
faced with contradictory events.  
Schulman’s distinction between types of teacher’s knowledge was further investigated by 
researchers in mathematics education (Ball, Hill, & Bass, 2005; Ball, Thames, & Phelps, 2008; 
Borko & Putnam, 1996; Ma, 1999). Based on an analysis of the mathematical demands of teaching, 
Ball et al. (2008) hypothesized that Shulman’s category of content knowledge can be further 
subdivided into common content knowledge (CCK) and specialized content knowledge (SCK).  
CCK is “the knowledge teachers need in order to be able to do the work that they are assigning 
their students” (p.6). SCK is “mathematical knowledge beyond that expected of any well-educated 
adult but not yet requiring knowledge of students or knowledge of teaching” (p.9). Ball et al. 
(2008) further hypothesized that Shulman’s category of pedagogical content knowledge can be 
subdivided into knowledge of content and students (KCS) and knowledge of content and teaching 
(KCT). KCS is “a type of pedagogical content knowledge that combines knowing about students 
and knowing about mathematics” and KCT is “knowledge that combines knowing about teaching 
and knowing about mathematics.  
Teachers’ resources, goals and orientations 
In his book, Alan Schoenfeld described choices that teachers make on a moment-by-
moment basis (Schoenfeld, 2010). He attributed these choices to three constructs: resources, goals 
and orientations. Teachers use combinations of these constructs to make daily decisions in their 
classrooms. Resources are described as their knowledge, both content and pedagogical. Goals are 
the ends that teachers are trying to achieve. Finally, orientations are teachers’ belief systems, which 




Schoenfeld defined knowledge as “those understandings that the individual takes to be true 
and uses as though they are true” (p 53). 
Any classroom is a complex environment that consists of predefined agenda that teachers 
try to fulfill coupled with numerous student personalities and a level of student preparedness, 
engagement and attentiveness.  Schoenfeld and his team tried to develop a theoretical framework 
that could anticipate and justify the actions that teachers take in a particular situation. In building 
such framework, one must carefully analyze the resources and knowledge that a teacher has. One 
obvious resource that determines actions of a teacher is the teacher’s content knowledge and 
pedagogical knowledge (Schoenfeld, 2010). The other influence on a teacher’s decision making is 
the teacher’s lesson plan which can be derived from lesson objectives by a teacher or given directly 
to a teacher in form of a lesson guide. There are some important constraints that are relevant in 
school settings, including state testing and certain required standards.  
Schoenfeld describes teaching as a goal-oriented activity (Schoenfeld, 2010, p 15).  The 
goal is attainment of curriculum objectives by students. The means to attain these objectives is 
through what Shenfield labels as orientation. He defines orientations as “a group of related terms 
such as dispositions, beliefs, values, tastes, and preferences” (p29). 
Schoenfeld (2010) claims that “in-the-moment” decision making can be modeled after 
substantial data are collected. He further states that “People’s decision making in well-practiced, 
knowledge-intensive domains can be fully characterized as a function of their orientations, 
resources, and goals” (p. 182). The major premise is that the individual activates a particular 
knowledge in a given situation. Then goals are established and decisions are made that are 




routines. If the situation is not familiar, then the actions are result of individual orientations. The 
process repeats to achieve the same or a different goal.   
More recently, Schoenfeld developed an observation framework called Teaching for 
Robust Understanding (TRU). The TRU framework is used to characterize five important 
dimensions of productive classrooms (Schoenfeld, 2014, 2015). The framework was developed by 
Schoenfeld and his colleagues after more than two decades of studying mathematics teachers’ 
classroom decision making. The framework provides tools to measure classroom practices and 
student performance as well as to explore the connection between the two during episodes of 
classroom teaching (Schoenfeld, 2014). 
The framework has four designing principles: (1) be comprehensive; (2) to focus on 
mathematical sense making; (3) to contain a small number of fundamental dimensions; (4) and to 
allow relatively quick coding of data. The resulting framework contains five dimensions of 
mathematically powerful classrooms. The rubric is divided into sub-rubrics based on the mode of 
instruction observed: whole-class instruction, small-group work, student presentations, and 
individual student work (see Appendix R). The rating is assigned to classrooms using observation 
episodes of short duration (no more than 5 minutes). The framework still needs large sample 
studies to make empirical conclusions on the nature of instruction, but early evidence concerning 
it is promising. The developed rubric was grounded in mathematics teaching, specifically the 
teaching of algebra at secondary schools. One purpose of the rubric is not to evaluate teachers but 
rather to explore a research-based hypothesis regarding powerful instruction. Another purpose is 
to enhance teachers’ proficiency along the five dimensions through the collaboration between 
researchers and practitioners. This development of the framework is part of the Mathematics 




The framework developed by Schoenfeld is divided into five dimensions:  
I. The Mathematics 
II. Cognitive Demand 
III. Access to Mathematical Content 
IV. Agency, Authority, and Identity 
V. Uses of Assessment 
 
Schoenfeld (2015) claims that this framework characterizes the extent of richness of 
mathematics classrooms, and that “a mathematical classroom that does well along these five 
dimensions will produce students who are powerful mathematics thinkers” (p.2).  
 
Relationship between teachers’ beliefs, knowledge and instructional practices in K-12 setting 
 Some research has demonstrated that teachers’ beliefs related to nature of mathematics, 
teaching and learning reflect their practice. Thompson (1984) described an elementary school 
teacher who viewed mathematics as a collection of ideas rather than facts, and she also believed 
that students should discover and verify those ideas. Lesson observations were consistent with 
these beliefs. Students were encouraged to ask questions, come up with conjectures and explain 
their reasoning. 
Several research studies demonstrate inconsistencies between teachers’ beliefs and their 
practices. A case study of an elementary school teacher that consisted of several interviews, 
monthly classroom observations, and analysis of lesson plans demonstrated inconsistency between 
a teacher’s professed beliefs and her practice (Raymond, 1997). The teacher expressed her belief 
that students should discover mathematics without direct instruction. She also expressed a negative 
experience learning mathematics when she was a student claiming that mathematics was presented 
as a set of rules and procedures. The primary reason that motivated her to become a teacher was 




at their desk in a quiet environment with herself as a visible authority and strict, enforced 
discipline. Students worked on examples from a textbook and strict adherence to textbook was 
noticeable. Little student participation and minimal collaboration occurred between students. 
Raymond (1997) addressed the inconsistencies by concluding that this teacher was a novice 
teacher who was concerned with discipline, classroom management, the constraints of the 
curriculum, and standardized testing. This teacher’s classroom practice was related to her beliefs 
about the nature of mathematics which the author classified as traditional. Raymond (2007) 
defined traditional belief about the nature of mathematics as a view that mathematics is unrelated 
collection of facts, rules, and skills that have fixed and predictable outcomes.  
In the past two decades, innovations in technology have resulted in its extensive use in the 
classroom. As a result, teachers have adapted their practices to integrate technology. In addition to 
increased use of technology is a constant change in the standards of school mathematics. Teachers’ 
beliefs are influenced by activities associated with those changes and situated in a context (Sztajn, 
2003).  
Teachers’ knowledge of mathematics has also been shown to influence instruction. In a 
study of 107 Grade K-12 teachers, Nathan and Koedinger (2000) showed that educators with 
advanced knowledge of a particular discipline tend to use more formal definitions and methods of 
analysis as principles for instruction. Student learning needs and assumptions about students’ 
problem-solving abilities are also influenced by this formalism. 
Curriculum that is used in mathematics classrooms shapes student experience and 
influences teacher practices. Ball and Cohen (1996) stated that one cannot fully understand student 
experiences without analyzing the ways the curriculum is used by teachers. Distinction must be 




textbook and teacher guides, and the latter is the curriculum that is actually adopted by the 
particular teacher in a given context or environment. There is a reciprocal relationship between 
teacher practices and curricula used: teachers adopt and change curricula to fit their practices and, 
in turn, curricula change teacher practices.  
The influence of reformed curricula on teacher practices was observed in the K-12 setting 
(Collopy, 2003; Spielman & Lloyd, 2004). Reformed curricula discussed in these studies are based 
on the recommendations put forward by the NCTM. Collopy (2003) investigated two elementary 
school teachers’ changes in instructional practices resulting from using a reform-oriented 
curriculum. The teachers had similar backgrounds and both worked in the same school with a high 
percentage of at-risk students. However, the enactment of the reformed curriculum was different 
among the two teachers. One teacher demonstrated a belief that mathematics is a set of rules and 
procedures that are presented to students in examples of increasing complexity. Her teaching of 
reformed curriculum was adapted to her style of teaching with minimal use of the reformed 
approached suggested by the teacher’s manual. The other teacher held the belief that students 
should learn by constructing their own knowledge and gain confidence in doing so and, therefore, 
was more inclined to use the recommendations of the reformed curriculum, which was observed 
in her teaching.  
Spielman and Lloyd (2004) also looked into the use of the reformed elementary school 
curriculum with a goal to explore if pre-service teachers would change their beliefs system. They 
organized their study in such a way that each instructor taught two classes with their “students” 
being elementary school teachers and each used different curriculum models with overlapping 
topics. One curriculum used a popular textbook and pedagogical strategies that were suggested by 




a lecture on a new material followed by a group or individual activity, and ended with a class 
discussion and summary. The other curriculum was labeled as reform-oriented. The major 
difference was that the instructor was advised not to lecture and avoid showing step-by-step 
solutions to sample problems; all the discussions were driven by the students who were supposed 
to depend on each other for help. The instructor’s role was to ask leading questions and facilitate 
the discussions.  A teaching beliefs survey showed a significant difference in the amount of time 
teachers felt they should spend lecturing versus having the students work in groups. There was a 
decrease in the amount of time students in the reformed curriculum group believed the instructor 
should lecture and an increase in the amount of time they believed they should spend in groups 
over the course of the semester.  Speilman and Lloyd (2004) concluded that preservice teachers’ 
beliefs about teaching and learning change as a result of using a reformed curriculum.  
Relationship between teachers’ beliefs, knowledge and instructional practices at the 
collegiate level 
There is little empirical research that examines teachers’ beliefs and knowledge that 
influence teaching practices at the collegiate level (Speer, Smith, and Horvath, 2010).  As a result, 
most professional development programs that prepare instructors to teach at the college level is 
not evidence based. Research at the K-12 level demonstrates that mathematics teaching practices 
are influenced by teachers’ content knowledge and pedagogical content knowledge (Fennema et. 
al, 1996; Hill, Rowan, and Ball, 2005) as well as teachers’ beliefs (Phillip, 2007; Pratt, 1992; 
Thompson, 1992; Schoenfeld, 2010).  Studies concerning instructors’ experiences at community 
colleges are scarce, and  the research that connects the community college teachers’ beliefs and 
knowledge to their instructional practice in general and their teaching of developmental 




                                                CHAPTER III: METHODOLOGY 
Introduction 
This chapter covers the study design, setting, sample selection process, data collection, and 
data analysis. The purpose of this study is to investigate the role of two different developmental 
mathematics curricula on the instructional practices of community college instructors at a large 
urban community college.  One is a standard developmental algebra curriculum and the other 
curriculum is adopted from the Carnegie Foundation’s Quantitative Literacy (QL) pathways 
program called Quantway® (Merseth, 2011). It is designed as an alternative pathway to credit-
bearing liberal arts mathematics courses for non-STEM students who are placed into 
developmental mathematics. The curriculum consists of problems and situations that are meant to 
improve numeracy through collaborative work and is underpinned by the constructivist theory of 
learning. 
The goal is to investigate the alignment between professed beliefs about teaching and 
enacted practices of community college instructors teaching two different curricula. The enacted 
practices are compared across different teaching dimensions described by Teaching for Robust 
Understanding in Mathematics Scoring Rubric (Schoenfeld, 2014; Schoenfeld & Floden, 2014; 
Schoenfeld, 2015).    
The research questions for this study are:  
• What is the relationship between faculty members’ professed beliefs of teaching 
developmental mathematics and enacted classroom practices? How does that relationship 




• Are there differences in student engagement, cognitive demands of instruction, access to 
mathematical content and use of formative assessments between classes that use an 
elementary algebra curriculum and classes that use a quantitative literacy curriculum?  
 
The study uses a multiple case study qualitative research method. Data for this study were 
obtained through use of surveys, interviews, and classroom observations. This chapter also 
addresses the validity and reliability of methods used as well as possible researcher bias.  
 
Study Design 
A qualitative research design was chosen to address the research questions of this study. 
Qualitative research is “an umbrella term covering an array of interpretive techniques which seek 
to describe, decode, translate, and otherwise come to terms with the meaning, not the frequency, 
of certain more or less naturally occurring phenomena in the social world” (Van Maanen, 1979, as 
cited in Merriam & Tisdell, 2015).  
A qualitative research design was selected because this study was conducted in a natural 
setting with direct interactions between the researcher and subjects. The data were collected by the 
researcher directly through multiple sources. Emerging themes came out through data using 
inductive analysis. In this research, data was collected through semi-structured interviews, field 
notes, and classroom observations of subjects in this study. The research process is emergent, 
meaning the initial plan for the research may change, initial questions may change and some 
elements of the process may shift once the researcher begins data collection. In this particular study 
the more in-depth analysis of each classroom observation was accomplished using videotaping of 




and field notes would not be sufficient to code teaching practices required by the rubric employed.  
Also, a qualitative researcher tries to develop a holistic picture of the problem under study through 
multiple perspectives and emerging themes. Multiple authors agree that a study that that has such 
characteristics requires a qualitative research method (Creswell, 2014). 
Qualitative research involves careful examination of data collected through well-planned 
interviews and observations of human subjects. The goal of qualitative research is to understand 
how people interpret their experiences and what these experiences mean to them (Merriam & 
Tisdell, 2015, p.5). Through inductive analysis of data, a researcher grounds the data sources in an 
emerging theory that explains the observed social phenomenon (Corbin & Strauss, 2008).  
Qualitative research involves interpretation of data where the researcher constructs a theory 
that explains multiple realities of a single event. Merriam & Tisdell (2015) summarizes qualitative 
research as having four characteristics (p.14):  
1. Process, understanding, and meaning is the focus 
2. The primary instrument of data collection and analysis is the researcher 
3. The process is inductive 
4. The product is abundantly descriptive  
This study uses a multiple case study method to describe the emergent theory through 
grounding the research findings.  Merriam & Tisdell (2015) describes case study research as “a 
qualitative approach in which the investigator explores a bounded system (a case) or multiple 
bounded systems (cases) over time, through detailed, in-depth data collection involving multiple 
sources of information (e.g., observations, interviews, audiovisual material, and documents and 
reports), and reports a case description and case-based themes” (p. 73). In particular, when dealing 




functions and makes decisions in a particular well-defined situation. This method allows the 
researcher to explore how individuals make sense of stimuli with which they are confronted, how 
they perceive and interpret the information they see, how they interpret their own actions, how 
they deal with problems they encounter, and how they interact with others (Berg & Lune, 2012; 
Yin, 2013).  
This study is situated in a large urban community college and it is focused on four community 
college instructors teaching two distinct developmental mathematics courses: elementary algebra 
(EA) and quantitative literacy (QL). Each case was chosen based on specific characteristics 
described below. This study aims at determining the community college instructor’s perceptions 
of teaching developmental mathematics courses using two different curricula and how these 
perceptions correlate with instructional practices. To answer the posed research questions, in-depth 
data collection using two semi-structured interviews, two video-recorded class observations, field 
notes of class observations, and faculty surveys were collected for each instructor.  
Research that aims at theory building through case studies relies on frequent overlap of data 
analysis and data collection (Eisenhardt, 1989). As new data are collected the researcher needs to 
analyze to determine its relevance in answering the research questions and assess the need to adjust 
the data collection instruments.  To achieve some degree of overlap, the researcher analyzed initial 
interviews to establish the preliminary professed beliefs of each faculty. Then as each lesson was 
observed, it was immediately analyzed to gain understanding of enacted practices. The end-of-the-
study interview presented the opportunity to collect additional data to get a better understanding 
of each instructor’s beliefs after they finished teaching the new curriculum.  It is argued that the 
emergent theory that is developed from case studies is known to be valid at least for cases that 




propositions that can be tested in other settings and lead to the improvement of one’s initial 
explanation (Burg & Lune, 2012). No initial hypothesis, assumptions or specific relationships 
among the constructs of this study were defined at the beginning of the study. The study followed 
the model illustrated in Figure 3.1. 
The data collection for this study was spread over the period of the Fall 2015 semester. The 
table below outlines the timeline for data collection: 
Time Objective 
August 2015 Administer instructor survey 
and conduct pre-study 
interviews 
September 2015 – 
November 2015 
Conduct class observation 
December 2015 -
January 2016   
Conduct post-study interviews 
 
A key feature of theory-building case study research is the freedom to make adjustments 
during the data collection process. These adjustments are possible since analysis starts at the time 
of data collection. Additional adjustments can also be made to semi-structured interviews to allow 
probing emergent themes. For theory-building research the goal is not to provide summary 
statistics about a set of observations, but rather to ground the collected data to describe the 





















































Explore the relationship between professed orientations and enacted 
practices of community college instructors and effect of the curriculum 
on these practices 
Design 
• Formulate preliminary research questions 
• Review literature 
• Multiple Case study methodology 
• Identify requirements to be a subject in the study 
• Semi-structured interviews, class observations and field notes are collected 
for each instructor 
• Emergence of themes from collected data sources 
 
Grounded Theory 
•Offer explanations for the observed results 




• Data collection from four 
instructors  
•The audio-taped interviews, 
video recorded observations and 




• Code each observation using TRU math 
rubric 
•Categorize interviews by emerging 
themes 
•Link data collected from observations, 
interviews and field notes  
•Connect the data to research questions 
 
Reflection 
•Review the findings and consider the research 
•Describe the alignment of professed beliefs and enacted practices for each 
instructor. Describe the influence of QL curriculum on the enacted practices 
•Compare the observed pairs of classes using TRU math rubric and discuss the 
observed differences 
•Compare findings with the literature 
 
Figure 3.1 






The setting for this study is a large community college in a Northeastern urban area. A 
pseudonym of Urban Community College (UCC) will be used to preserve participants’ 
confidentiality. UCC is one of the community colleges which is part of the public university 
system. In Spring of 2015, UCC served nearly 27,000 students in its credit and non-credit 
programs. The Mathematics Department at UCC has 63 full-time faculty and about 180 adjunct 
faculty members. The department offers about 430 sections of mathematics courses each semester, 
in which 55% of the sections are developmental mathematics courses. Adjunct faculty members 




Based on Spring 2015 statistics, over 90% of UCC’s student population is comprised of 
minorities and groups historically underrepresented in collegiate programs. 42% of the student 
body is African-American, 32% Hispanic, 10% Asian, 9% Caucasian and 7% other ethnic groups. 
Close to two-thirds of its students are women. Many UCC students come to the college without a 
strong academic background. For many, English is not their first language. Almost 35% of its 
students come from homes where one or both parents never completed high school. 6% of entering 
freshmen hold GEDs rather than high school diplomas, and only 34% of entering freshmen have 
achieved high school averages of 75 or better. These students often struggle in their classes, 
achieving lower grades and suffering eventual academic dismissal from UCC. Most come from 
urban high schools with weak science and math programs and must be provided remedial academic 





Challenges of the Mathematics Department 
The greatest challenge of the mathematics department is the declining success rate and low 
retention rate among developmental mathematics students. Each year about 75% of UCC’s new 
entering students are placed into remedial math class based on their performance on the ACT 
COMPASS math proficiency test. There are three levels of remedial mathematics at UCC: 
arithmetic, elementary algebra, and intermediate algebra. Students who are Non-STEM or 
Business majors (about 60% of the population) must demonstrate their proficiency in elementary 
algebra by passing a remedial “Elementary Algebra” (EA) course taught for 4 hours a week and 
which offers no college credit. To pass this course, students must take and pass a computerized 
final exam and achieve a satisfactory overall average in the class before they are allowed to take 
the college-level math required for their associate’s degree or to transfer to a four-year institution. 
Historically, each semester only about 35% of students who register for elementary algebra course 
pass it. Many students take it several times, costing them time and resources.   
 
Developmental mathematics sequence at UCC 
 Students are placed in mathematics courses based on their algebra and arithmetic sub-
scores on the ACT COMPASS® math proficiency test. Students who demonstrate proficiency in 
algebra by obtaining a score of 40 or higher on the algebra section of the ACT exam are exempt 
from the elementary algebra requirement and have a choice of either enrolling in a liberal arts 
credit-bearing mathematics course or embarking on a STEM mathematics track. Students who 
obtain a score less than 40 on an algebra section of the ACT are placed according to their arithmetic 
sub-score on the ACT exam. A score of 35 or higher would place a student in the “Elementary 
Algebra” (EA) course or the “Quantitative Literacy” (AL) course, while a lower score would place 




students to enroll in EA or QL. Successful completion of EA or QL allows students to enroll in 
credit-bearing mathematics or statistics courses. Additionally, students who successfully complete 
the EA course have an option to embark on a STEM path by registering for an intermediate algebra 
course. Figure 3.2 illustrates the developmental math sequence at UCC. 
 
Figure 3.2 Developmental Course Sequence at UCC 
 
Developmental Arithmetic Course  
 Developmental arithmetic course is the lowest level of remediation offered by UCC. The 
content covered in this course includes basic arithmetic skills. Students are not permitted to use a 
calculator and must demonstrate mechanical fluency in performing operations with whole 
numbers, decimals and percents. The following topics are covered: 
• Whole Numbers 
• Fractions 
• Decimals 
• Ratios and Proportions 
• Percents 
• Signed Numbers 
• Basic Statistics 
The course meets for 4 contact hours per week and offers no credits. Students must pass 




average of 70% or higher. UCC offers about 55 sections of this course each semester with 53% of 
students who, on average, successfully complete the course.  
Elementary Algebra Course 
 Elementary algebra is the second level of mathematics remediation offered by UCC. The 
content of this course covers basic algebraic skills. Calculators are also not permitted in this course. 
Students must demonstrate proficiency in working with signed numbers, algebraic expressions and 
equations. The following topics are covered in this course:  
• Solving Linear Equations and Inequalities 
• Graphing Linear Equations and Inequalities 
• Solving Systems of Linear Equations 
• Exponents, Polynomials and Factoring 
• Rational Expressions and Equations 
• Radical Expressions and Equations 
• Quadratic Equations 
The course meets for 4 contact hours a week and offers no credit. Students must pass a 
computerized university-wide uniform elementary algebra exam with a score of 60% and achieve 
an overall average of 74% in the class with the specific grading requirements set up by individual 
instructors with the final exam counting for 35% of the final grade. UCC offers about 140 sections 
of this course every semester with 35% of students successfully completing the course.  
 
Quantitative Literacy Course 
 Since 2011, UCC joined the Network Improvement Community under the leadership of 
the Carnegie Foundation for the Advancement of Teaching to develop an alternative to the 
elementary algebra course. The goal of this course is to present students with real-world problems 
that require mathematical reasoning skills and that students solve in collaborative setting. 




students to interpret the quantitative information they will encounter in their studies, careers and 
daily lives. The course has the following learning outcomes: 
• Numerical Skills 
• Proportional Reasoning  
• Mathematical Modeling 
• Algebraic Reasoning  
• Statistical Thinking 
The course meets for 4 contact hours per week and offers no credits. Students must achieve 
a score of 60% on the departmental quantitative literacy exam and achieve an overall weighted 
average of 74% with the following uniform weights: 
• Homework 30% 
• Class participation 15% 
• Four in-class exams 35% 
• Final exam 20% 
 
The Quantitative Literacy course is broken into four modules. Each module has 5 to 6 
lessons centered on one of the three themes: Citizenship, Medical Fluency and Personal Finance. 
Each lesson has a set of learning objectives,1 and each module culminates in the assessment 
covering these objectives.  
Students are expected to complete homework assignment prior to every lesson. Homework 
in the QL course has two components: (1) Out-of-Class Experience (OCE) and (2) Preparing for 
the Next Lesson (PNL). OCE covers problems related to the previous lesson with the focus on 
problem solving rather than procedural fluency. PNL covers problems related to the next lesson 
with the focus on procedural fluency. It is expected that students have seen problems that appear 
in PNL at some point in their past mathematics courses, and they are not explicitly covered in the 
lessons.  
                                                      




Each lesson in QL curriculum comes with detailed instructor notes that include a suggested 
timeline and structure for each question, the goal of the lesson, detailed solutions for every 
question, suggestions to promote productive struggle for students, and facilitation prompts to 
scaffold student understanding. Facilitation prompts play a crucial role in encouraging instructors 
not to give direct answers, but rather provide alternative scenarios in case groups are struggling to 
answer a particular question. The last part of the lesson is called “Making Connection” where 
students are supposed to process the learned content, write few sentences highlighting the main 
idea of the lesson, and specify the role of the lesson in the entire curriculum.  
The course was offered for the first time in the Spring 2012 semester with a total of 3 
sections. The enrollment grew gradually; in the Fall 2015 semester 28 sections of the course were 
offered. The passing rate for the Fall semester was 58%.  
The Researcher’s Role 
 The researcher in this study is a full-time instructor at UCC who was hired in 2010. He has 
taught all levels of developmental courses that UCC offers. In addition, he has taught liberal arts 
mathematics, statistics, pre-calculus and calculus. He was also involved in development of the QL 
course as part of the UCC faculty team. He collaborated with members of other institutions in the 
Network Improvement Community (NIC) (organized by the Carnegie Foundation for the 
Advancement of Teaching) to design interventions to improve student success as well as writing 
assessment items for the final assessment. He also was involved in training faculty to teach the QL 
course at UCC. The researcher was the QL course co-coordinator between the Spring 2012 and 
Spring 2015 semesters. His duties included assisting faculty with technology issues, distributing 







When building theory from case studies, random selection is not preferable, but, rather, 
theoretical sampling is required (Eisenhardt, 1989). The goal is to choose cases which are likely 
to replicate or extend the emergent theory. The candidates for this study had to meet the following 
requirements at the onset of the study: 
1. Be full-time or part-time instructors at UCC 
2. Be assigned to teach a QL course for the first time in the Fall 2015 semester 
3. Be assigned to teach elementary algebra in the Fall 2015 semester 
All faculty teaching QL for the first time (requirement # 2) are required to undergo training 
to gain familiarity with curriculum and pedagogy associated with teaching the QL course. The 
study was not part of the training, and instructors’ decision to participate in the study was not 
disclosed to anyone other than the researcher.  Also the researcher was not involved in the training 
of the Fall 2015 QL faculty cohort. There were two rationales for choosing instructors who were 
teaching QL for the first time in the Fall 2015 semester: (1) they would apply the skills and 
suggestions acquired in QL training during the semester that directly followed the training, (2) it 
would minimize the influence of the researcher on the study participants given the fact that the 
researcher was not involved in the faculty training of the Fall 2015 cohort.   
The researcher identified ten instructors who met the sample’s requirements for this study. 
Before the start of the data collection, the researcher obtained UCC’s Institutional Research 
Board’s (IRB) approval. Then, IRB approval from Teacher’s College, Columbia University was 





Potential participants were invited through an in-person meeting combined with prior email 
recruitment that was sent to all ten potential subjects (Appendix B). Six instructors agreed to 
participate. The other four instructors declined to participate citing busy schedules that would not 
allow time for interviews. Participants were not compensated for this study, and their participation 
had no effect on their formal teaching evaluations.  
  Interviews and observations were conducted with all six instructors. Four instructors were 
chosen to be the cases of this study since they represented the sample of faculty analyzed and 
provided enough empirical grounding to formulate the emergent theory. The omitted two faculty 
showed similar characteristics in professed and enacted practices to the instructors described in the 
results chapter. The short description of the omitted cases are given in Appendix Q. Student 
participants were students enrolled in each instructor’s developmental algebra or QL classes in the 
Fall 2015 semester. 
Data Collection 
 Data were collected to allow triangulation, and this study used three different data sources. 
The first data source was semi-structured interviews with instructors and were conducted prior to 
and at the conclusion of the study. The second source of data was classroom observations. Two 
observations were conducted for each instructor. The third source of data was field notes compiled 
during the observations and after each interview.  
The classroom observations were captured by camera. A wireless microphone was clipped 
to the instructor, and it captured everything that the instructor said during the class, including the 
instructor’s interaction with students. The camera captured the general siting arrangements as well 
as the mode of instruction employed by instructor (whole-class discussion, small group work, 




class. The camera was attached to a tripod and placed in the back corner of the classroom facing 
the blackboard. Students were seated in such a way that all were in view of the camera.  
The field notes were hand-written and served a dual purpose. First, field notes were taken 
to document students’ actions in the classroom. The researcher kept a timestamp that matched the 
camera’s timestamp.  While cameras recorded all the instructor’s activities, the field notes allowed 
the researcher to focus primarily on students and their engagement. The researcher separated filed 
notes based on the mode of teaching observed. The goal was to record sufficient data to supplement 
the video recording in order to draw a complete picture of the classroom, providing data for future 
analysis and coding with the TRU math rubric. The following was recorded in the field notes: 
• Students’ responses to the questions posed by the instructor  
• Questions posed by students 
• Students’ contributions to group or pair discussion 
• Individual student engagement and participation (e.g. focusing on classwork 
and working the problem, having side conversations, using a cell phone for 
classroom unrelated activities) 
• Whether students took notes during whole class discussion and group work 
• Record pacing of individual students if individual work is observed 
• Record pacing of groups if group work is observed 
The second purpose of field notes was to record the researcher’s preliminary rating of the 
observed lessons based on the mode of instruction across five dimensions of TRU Math rubric. 
Also, analytic question were asked that were relevant to research questions of the study: 
• Were students engaged in working or discussing the problem? 
• What was the cognitive demand of instruction? 
• Were all students engaged? 
• Did students generate their own ideas through group work, individual work, or 
whole class discussion? 
• Did the instructor incorporate students’ contributions in the flow of the lesson? 
The researcher was circulating the classroom to capture the needed data during the times 






 Two semi-structured interview instruments were designed for this study. The first 
interview was conducted prior to each instructor’s first QL class of the Fall 2015 semester during 
the month of August and prior to the first day of training, which also occurred in August. The first 
interview was designed to gather each instructor’s perceptions of teaching developmental 
mathematics, their background and teaching experience, as well as specific questions related to 
observation rubric that was adopted for this study (see Appendix C). Specifically, the questions in 
first interview protocol addressed the following: 
1. instructor’s educational background, 
2. his or her preparation for teaching (i.e. teaching preparation courses, formal professional 
developmental programs), 
3. pedagogical approaches (questions were designed to identify teaching instruction as 
student-centered, teacher-centered, or curriculum centered), 
4. views on student engagement, 
5. obstacles students experience in developmental mathematics, 
6. the relevance of the developmental algebra curriculum, 
7. views on student mathematical anxiety, and 
8. questions that address TRU Math’s Dimensions (Mathematics; Cognitive Demand; 
Access to Mathematical Content; Agency, Authority, and Identity; Uses of Assessment) 
as related to past teaching experiences.  
The second interview was conducted in late December and early January right after the 
conclusion of the Fall 2015 semester. The purpose of this interview was to gain insight on the five 




quantitative literacy course (see Appendix D).  During both interviews, follow-up questions were 
asked when necessary to clarify responses and get deeper understanding of valuable topics.  
Interviews were audio recorded and transcribed by the researcher. Both pre- and post- study 
interviews lasted for 50 minutes to 60 minutes 
Classroom Observations 
One lesson of elementary algebra and one lesson of quantitative literacy were observed for 
each study participant. Each pair of lessons was chosen to have some overlap in its content. Since 
the algebra curriculum has a focus on algebraic reasoning and the QL curriculum has elements of 
algebraic reasoning as part of course’s learning outcomes, the researcher identified several lessons 
in both curricula that have algebraic reasoning as one of the objectives. Each lesson had to cover 
new material, and the classroom observation was scheduled a week in advance with approval of 
each instructor. Students were informed about the observation in person a week prior to the 
observation. Student consent forms were distributed to students, and a brief description of the study 
as well as its risks and benefits were clearly presented to the students. It was made clear that 
participation was voluntary and would not affect students’ grades. Students were informed that if 
they did not agree to participate, their image would be blurred out from all the recordings. Given 
the fact that algebraic reasoning is covered in the last module of the QL curriculum, the QL lessons 
were scheduled during the end of the semester, while the algebra lessons occurred during the 
middle of the semester.  
The study adopted the Teaching for Robust Understanding in Mathematics (TRU Math) 
analytic scheme (Schoenfeld, 2014, 2015). This scheme consists of an analytic framework for 
describing classroom activity and provides a rubric to score the presence of five fundamental 




colleagues after more than two decades of studying the mathematics teacher’s classroom decision 
making. The framework provides tools to measure classroom practices and student performance 
and explore the connection between the two during episodes of classroom teaching. Schoenfeld 
(2015) claims that this framework characterize the extent of richness of mathematics classrooms, 
and that “a mathematical classroom that does well along these five dimensions will produce 
students who are powerful mathematics thinkers” (p.2). Table 3.1 provides summary of each 
dimension of this framework.     
Table 3.1: Summary of dimensions of TRU Math Analytic Scheme 
I: The Mathematics II: Cognitive 
Demand 






V: Uses of 
Assessment 
The extent to which 
the  mathematics 
discussed is focused 
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The goal of each dimension is to assess the richness of a mathematics classroom. The first 
dimension focuses on the presentation of mathematics to the students. Mathematics can be 
presented as a list of facts to be memorized or to be applied and rehearsed, or it can be presented 
as a set of connected ideas which students can engage with and discover certain properties. 
Instruction that is focused on sense making where students are given opportunities to engage and 
persevere in problem solving earns high ratings on this dimension.  
The second dimension focuses on the levels of cognitive demand and the presence of 
productive struggle experienced by students. In the classroom that earns high scores on this 
dimension, the instructor employs the right level of scaffolding to allow students to make their 
own progress. Routine examples do not promote high cognitive demand.  
The third dimension focuses on access to mathematics for all students in the class. A high 
score in this dimension demonstrates that uniform access is given to all students and that no student 
is excluded from conversations.  Every effort is made to have everyone engage in the work of the 
class. The instructor can accomplish this by inviting different students to participate, encouraging 
more complete responses, and discussing alternative methods of solving a problem to get more 
students to participate. 
The fourth dimension focuses on students becoming accountable for mathematics content 
that is covered in any given class. A high score on this dimension demonstrates that students 
internalize the learned material and that they are able to explain their ideas and reasoning in a 
coherent way. In the classroom that earns high scores on this dimension, student ideas are 
acknowledged and recognized. Students believe in their abilities and have a sense that those 




competence to the students, re-engages students who are struggling, and asks students to elaborate 
on their responses.   
The last dimension focuses on the teacher’s ability to structure classroom activities based 
on formative assessments of students. In the classroom that earns high scores on this dimension, 
the instructor solicits student thinking and adjusts the instruction accordingly. The instructor 
solicits student understanding by asking questions and addressing emerging misunderstandings.  
The rubric was designed to minimize the overlap between different dimensions. The 
wording and description of each dimension was designed to be as independent as possible, 
meaning that a score on a given dimension does not necessarily imply the score on another 
dimension. However, some overlap results from the nature of each dimension. For instance, rich 
classroom tasks (dimension I) are required to facilitate productive struggle (dimension 2). Inviting 
all students to engage with mathematical tasks (dimension 3) is required to encourage students to 
conjecture, explain, and make their own arguments (dimension 4). Effective use of formative 
assessments (dimension 5) is dependent on a classroom that is equitable (dimension 3), where 
students are engaged with mathematics (dimension 2) and where reasoning is elicited from 
students (dimension 4).  
The rubric uses a separate sub-rubric for different classroom activity structures: whole-
class discussions, group work, student presentations, and individual work. For this study, the TRU 
math rubric was adopted in such a way that the observed lessons were divided into episodes that 
were sufficient in their duration to be scored in all five dimensions. The episodes were labeled 
according to the mode of  instruction observed. Then a score from 1 to 3 in 0.5 step increments 
was assigned for each dimension in every episode. Appendix R provides the criteria for assigning 




complexity in a given dimension. The episodes averaged 5 to 20 minutes in length. The scores 
were assigned independently by the researcher. The issue of validity is addressed at the end of the 
chapter.  
Schoenfeld’s Goals, Resources and Orientations terminology (Schoenfeld, 2010) was used 
to characterize each participant’s intentions, knowledge and beliefs with respect to his teaching. 
The description includes professed goals or intentions in teaching developmental mathematics as 
well as professed orientations (which includes beliefs about teaching, students, and curriculum). 
The professed goals and orientations were derived from careful and thorough analysis of the initial 
interview and questionnaire. Resources include Content Knowledge (CK) and Pedagogical 
Content Knowledge (PCK). It is not the intention of this research methodology to give a detailed 
description of resources that each participant had prior to this study. The assumption is made that 
instructors teaching at community college possess strong enough content knowledge to teach 
developmental mathematics. 
 As described in the literature chapter, teachers’ beliefs and conceptions2 have a major 
influence on pedagogical approaches (Borko & Putnam, 2000; Calderhead, 1996; Handal, 2003; 
Pajares, 1992; Philipp, 2007; Thompson, 1992).  Each instructor’s beliefs about teaching are 
classified according to Kuhs and Ball (1986) as learner-focused, content-focused with emphasis 
on conceptual understanding, content-focused with emphasis on performance, or classroom 
focused. The initial interview established professed beliefs. Classroom observations together with 
field notes established the enacted practices of teaching mathematics for each instructor.  
 
 
                                                      





Over the course of the data collection and simultaneous analysis, the constant comparison 
method of data analysis was used (Glaser and Strauss, 1967). The method requires the researcher 
to continuously reflect, ask questions, and write memos about the data throughout the study. The 
process is inductive during the initial analysis with the goal of formulating codes. Open coding is 
used where notes were written representing thoughts and ideas. The codes were analyzed to 
formulate themes and to answer the posed research questions.  
The first research question for the study is  
• What is the relationship between faculty members’ professed beliefs about 
teaching developmental mathematics and their enacted classroom practices? How 
does that relationship differ across different curricula?  
Each study participant was interviewed at the beginning of the study, prior to faculty 
training, and at the conclusion of the study. The interviews were analyzed to establish each 
instructor’s professed goals or intentions in teaching developmental mathematics as well as their 
professed orientations (which include beliefs about teaching, students, and curriculum). For each 
instructor, the enacted practices were described based on classroom observations and field notes.  
In particular, the model of mathematics teaching was identified based on each instructor’s 
professed orientations and each instructor’s enacted practices. The model of mathematics teaching 
was described in the literature chapter. It is broken down into 4 models described by Kuhs and 
Ball (1986): (1) learner focused, (2) content focused with emphasis on conceptual understanding, 
(3) content focused with emphasis on performance, (4) and classroom focused with mathematical 
teaching based on knowledge about effective classrooms. The modes of instruction are not 






Models of Mathematics Teaching Spectrum 
 
The second research question for the study is  
• Are there differences in student engagement, cognitive demand of instruction, 
access to mathematical content, and use of formative assessments between classes 
that use an elementary algebra curriculum and classes that use a quantitative 
literacy curriculum?  
 
              The study focused on four community college instructors at UCC who taught quantitative 
literacy and elementary algebra in the same semester. All these instructors participated in faculty 
training to teach the QL course prior to the study, and it was their first semester teaching QL. Over 
the course of the Fall 2015 semester, one lesson of algebra and one lesson of QL was observed. 
Each pair of lessons was analyzed and compared across five dimensions of the Teaching for Robust 
Understanding in Mathematics (TRU Math) rubric (Schoenfeld, 2014, 2015). The rubric requires 
that each lesson be divided into episodes between 5 and 20 minutes in duration according to the 
mode of instruction observed. Then each episode is given a score for each dimension. A score 
ranges from 1 to 3 in 0.5 increments. A higher score indicates a higher level of complexity. A 
rubric for each mode of instruction is provided with TRU Math. After each lesson is coded, the 
average score is calculated for each dimension. Then the overall description of both lessons is 
given, focusing on each dimension. The field notes are used to get a detailed description of 




significance of differences among average scores for each dimension between the two lessons 
observed. 
Validity and Reliability 
Validity of data collection 
 
Validity in qualitative study means that “the researcher checks for the accuracy of the 
findings” (Creswell, 2014). In other words, the researcher must make sure that the data that were 
collected can be trusted. In this study data were collected to allow triangulation, and this study 
used three different data sources. The first data source was semi-structured interviews with 
instructors and were conducted prior to and at the conclusion of the study. The second source of 
data was classroom observations. Two observations were conducted for each instructor. The 
third source of data was field notes compiled during the observations and after each interview. 
Also the detailed description of setting and instructors is provided. The researcher is inevitably 
brings bias by sole fact of his presence. To minimize such bias the researcher made it clear that 
the data collected would not be used for the purposes of evaluation and promotion. Also the 
researcher did not hold any supervisory position with respect to study participants.  
 
Reliability of the ratings assigned to class observations 
As mentioned earlier the observed lessons were rated based on the TRU Math rubric. 
There were a total of eight lesson observed, one QL and one EA lesson for each instructor. To 
determine the reliability of the ratings, the researcher employed Cohen’s kappa coefficient, the 
statistic for inter-rater agreement. The kappa statistic has an advantage over other measures of 
inter-coder reliability, such as percent agreement, in that it takes into account possible agreement 
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, where P(A) is the proportion of times the 
coders agree and P(E) is the proportion of times they would be expected to agree by chance. For 
a description of a simple method to calculate kappa, see Fleiss, Levin, & Paik (2013). The 
maximum value for kappa is 1, which is perfect agreement. Agreement that was entirely due to 
chance would have a kappa value of 0, and kappa can go as low as -1 in some cases.  A value 
above 0.75 is considered excellent, while values between 0.40 and 0.75 represent fair to good 
agreement (Fleiss et. al., 2013) 
Prior to the lesson observations in this study, the researcher asked his colleague, who is 
familiar with the EA and QL curricula, to rate one lesson of QL and one lesson of EA taught by a 
faculty member who is not a subject of this study. The researcher met with his colleague to 
discuss elements of the TRU Math rubric as well as the rating scale. The two lessons were then 
observed by both raters. Field notes were taken independently by both raters. At the end of each 
lesson the researcher and his colleague came to an agreement on the breakdown of the lesson 
into episodes (based on the mode of instruction employed). Then the episodes were rated 
independently.   
  The QL lesson observed had 12 episodes and each episode was rated across all 5 
dimensions of the rubric which resulted in 60 ratings. The EA lesson observed had 10 episodes 
that gave 50 ratings. The Cohen’s kappa was calculated to using SPSS software. The obtained 
Cohen’s kappa was 0.695 for the QL lesson and 0.725 for the EA lesson, which demonstrated 






CHAPTER IV: RESULTS 
Introduction 
This chapter is divided in four parts, each illustrating the case of one instructor. Each case 
follows the same format and presents the reader the detailed description of data and its analysis. 
For each instructor the following information is provided: 
• Background of every instructor including the degrees earned, teacher certifications and 
participation in professional development programs  
• Class observation data for one elementary algebra and one quantitative literacy lessons 
o Time, date and duration of each lesson 
o Lesson objectives 
o Attendance and students gender 
• Lesson analysis and comparison across five dimensions of TRU math rubric 
o Modes of instruction (whole class, group work, individual work, and student 
presentation) 
o Mean scores on five dimensions of the TRU Math Rubric and statistical 
significance in difference between the means 
o Detailed lesson comparison across each dimension of the rubric (mathematics; 
cognitive demand; access to mathematical content; agency, authority, and 
identity; use of assessments) 
o Observed model of enacted practices 
• Professed beliefs and its relationship to enacted practices 





The Case of James 
Background 
James has a Bachelor of Arts degree in business, and he worked in industry for the majority 
of his career. He decided to obtain a degree in mathematics education after 23 years of working in 
industry. He participated in an accelerated program to get his teacher certification, and he began 
working as a middle school mathematics teacher.  As part of the accelerated program, James earned 
a master’s degree in secondary school mathematics education. The accelerated program included 
limited mathematics content and focused on pedagogy and classroom practices. He describes his 
experience in this program: “There was some content, not a lot of content but there was some and 
there was a lot of role playing student and teacher and a lot of reflection, a lot in journal writing 
reflect on this, a lot of case reading … read this reflect on this…” 
James taught pre-algebra and integrated algebra for 6, 7 and 8 graders for eight years. James 
wanted to explore teaching at the postsecondary level, and he decided to apply to teach at Urban 
Community College (UCC). He was hired and invited to attend a training to teach Quantitative 
Literacy during his first semester at UCC. He was the only study subject without post-secondary 
experience teaching mathematics, making him an interesting participant for this study.   
 James agreed to be part of the study prior to his involvement in the training and prior to his 
first semester teaching at UCC. James was interviewed in August of 2015 and December of 2015. 
His elementary algebra class was observed during the fourth week of the Fall 2015 semester and 
his QL class was observed during the tenth week. Both classes had a standard schedule, meeting 
twice a week for four academic hours per week. The algebra class met from 5:20pm to 7:00pm 





Class Observations Overview 
Elementary Algebra: Solving linear equations in one variable 
The lesson was taught during the fourth week of the Fall 2015 semester and covered the 
standard algebraic techniques for solving linear equations in one variable. This class met twice 
each week for 2 academic hours or 100 minutes.  The lesson prior to it covered the definition of 
algebraic expressions and operations. Students were expected to complete a homework assignment 
on an online platform that covered principles from the previous lesson. The lessons that followed 
the lesson discussed here involved solving linear inequalities in one variable. The lesson outline 
as well as each episode description is included in Appendix E. The lesson had the following 
learning objectives:  
• Check the solution to an equation by substitution 
• Use the addition property of equality to solve an equation 
• Use the multiplication property of equality to solve an equation 
• Solve a linear equation in one variable 
 
James used the instructor’s edition of the textbook during the class. He stated that he does 
not prepare supplementary notes in his teaching of algebra class since most of the content is 
familiar and examples presented in the textbook are of appropriate difficulty and presented in a 
logical progression.  
There were 12 female and 8 male students present out of 24 students registered in the 
course. Three students out of 20 present came late to the class. James asked the reason for their 
lateness when these students came into the classroom. The lesson was conducted in a computer 






Quantitative Literacy Lesson: Linear Models 
The lesson was taught during the tenth week of the Fall 2015 semester, and this lesson was 
the first lesson in the fourth module (last module) of the course. The lesson introduced the topic 
of linear models. At this point in the curriculum, students were expected to (1) understand the basic 
meaning and use of variables; (2) solve for an unknown variable in a one-variable equation; (3) 
understand the basic idea of a rate of change as a ratio or proportion; (4) graph points on a 
coordinate plane. The lesson prior to it covered literal equations, and the lesson that succeeded it 
covered more advanced linear models.  
This specific lesson introduced students to linear modeling through two-problem 
situations. The first problem situation asked students to choose between two cell phone plans by 
coming up with two linear models that described both services. The second problem situation dealt 
with a prepaid coffee shop card, and students were asked to determine how long it would last.  The 
lesson objectives are listed below and the description of each episode is included in Appendix F. 
The student version of a lesson is included in Appendix G.  
Students will understand that  
• linear models are appropriate when the situation has a constant increase/decrease. 
• slope is the rate of change. 
• the rate of change (slope) has units in context. 
• different representations of a linear model can be used interchangeably. 
 
Students will be able to  
• label units on variables used in a linear model. 
• make a linear model when given data or information in context. 
• make a graphical representation of a linear model. 
• make a table of values based on a linear relationship. 





James stated that he uses instructor notes to prepare his own notes which he records in his 
copy of one of the workbooks that are also given to the students. He also lets students see his notes 
at the conclusion of the lesson.  
There were 21 students present, 14 female and 7 male students, out of 24 registered in the 
class. The lesson was conducted in a regular classroom with long desks which made it harder to 
form groups. However, students were seated facing each other and four different groups of 4 to 5 
students could be identified. There were two students working alone; their group members 
appeared to be absent. 
Lesson Analysis and Comparison across Five Dimensions 
Modes of Instruction 
Two modes of instruction were observed in algebra class: whole class discussion (with 
periods of teacher’s direct instruction) and individual problem solving. Students did not collaborate 
in groups, but they paid very close attention to the lesson. The classroom was very quiet with few 
students participating when asked questions. During individual work, students were assigned even 
numbered problems at the end of the sections to work on while James walked around and checked 
progress of every student. Individual work represented 1/3 of instructional time.  
Three modes of instruction were observed in the QL class: group work, whole class 
discussion and student presentation. The classroom was very lively with students actively engaged 
with each other discussing both problems. The instructor provided extensive scaffolding to the 
students by giving direct explanation of some concepts and working similar examples to the ones 






TRU Math Rubric Summary of Scores 
  Both lessons were coded by the researcher into episodes and analyzed using the 
researcher’s adaptation of the TRU math rubric discussed in the methodology chapter. Table 4.1 
provides mean scores on five dimensions for all episodes of both lessons taught by James. The 
statistical significance in difference between means is also included. The detailed description of 
each episode (which includes duration, mode of instruction, summary, TRU math score and its 
rational) can be found in Appendix E for Elementary Algebra (EA) class and in Appendix F for 
the Quantitative Literacy (QL) class. The outline of EA lesson is included in Appendix E and the 
entire QL lesson can be found in Appendix G.  
Table 4.1 
Mean scores on five dimensions of the TRU Math Rubric for the Elementary Algebra and 
Quantitative Literacy lessons taught by James  
    













1.64                
(SD = 0.24) 
1.57 
(SD = 0.35) 
2.28 
(SD = 0.49) 
1.5 
(SD = 0.29) 
1.79 




(SD  = 0.23) 
2.0 
(SD = 0.5) 
2.06 
(SD = 0.62) 
1.94 
(SD = 0.50) 
2.21 










                                                      
3 Each dimension is assigned a score from 1 to 3 with 0.5 increments for each episode. A higher score indicates a 




Lesson Comparison across Dimensions 
Dimension 1: Mathematics 
Algebra 
In the algebra lesson that was observed, about 2/3 of instructional time was spend on direct 
presentation. There were six examples of increasing complexity presented in a similar way by 
showing explicit steps on the whiteboard and asking students questions at every step. There was 
no time given to students to attempt problems individually or in groups prior to showing the steps. 
The exchange that occurred between instructor and his students during the whole class discussion 
resembled an Initiation-Response-Evaluation (IRE) sequence. Schoenfeld (2010) describes the 
IRE sequence as starting with teacher asking questions followed by students’ response, and then 
the teacher evaluating the students’ answers (p. 77). The following excerpt demonstrates one such 
exchange. Students were asked to solve 5𝑥𝑥 = 2𝑥𝑥 + 12; this was the third example James 
presented, and it occurred in episode 2:   
James:      What is the first step are we going to do here? Frank?  
Frank:      Combine like terms 
James:      No, you cannot combine like terms here. Olga? 
Olga:        Subtract 2x from both sides 
James:      Are you asking me or telling me? Say it with a confidence! 
Olga:        Subtract 2x from both sides! 
James:      Good! [writes on the board] Now we subtract 2x from both sides; what are we 
           left with? 
Peter:        5x 
James:      Peter, if you were to write things down, you would do much better! You get     
      3x=12. Now what? 
Angelica:  Divide by 3 
James:       Divide what? 
Angelica:   Both sides by 3! 
James:       That’s right! You have to say it. If you do not say it, you are going to do it to    





During individual work, the instructor walked around the classroom and spent enough time 
with each student who was struggling by providing explicit steps for solving a given problem. 
Positive reinforcement was given to students who were getting right answers. Overall, the class 
had a skills-oriented focus on solving all the possible types of linear equations. The instructor 
provided explicit steps and rules were at forefront of the instruction.   
 
Quantitative Literacy 
The QL lesson was designed with the goal of building understanding of linear models. 
Models that were presented in the lesson were used to build this understanding. For most part 
students in James’ class were given the opportunity to engage in problem solving, spending about 
half of the class time working in groups. There were instances when James felt the need to define 
concepts explicitly. For example, in episode 3, James explained the meaning of the slope and 
introduced the concept of “rate of change” before students were given the opportunity to discuss 
what this value represented. This lesson is the first time in the curriculum where graphing linear 
models was introduced; therefore, James had a choice to define the characteristics of the linear 
model explicitly or let students to build this understanding for themselves. Also, in episode 8, 
James demonstrated the solution to question #5 of the lesson. In this question there were two 
important mathematical concepts: first, students had to realize they needed to set the value of the 
dependent variable, C, equal to zero, and second, students had to solve the linear equation. Both 
concepts were covered in the previous lesson, but this connection was not established in class.  
However, students were given the opportunity to come up with their own mathematical 
models for both problem situations in groups. Overall, mathematics discussion was focused and 




mathematical expression. Students were also given ample time to graph their models and present 




 The average score for the mathematics dimension is higher for the QL class (2.13 vs. 1.64), 
and the difference is significant (p<0.05). This difference can be attributed to the fact that James 
gave students opportunity to work together in QL class and let students make sense of 
mathematical ideas with less direct instruction as compared to his algebra class. In algebra James 
spent about 2/3 of the time lecturing, while ½ of the class was spent on group work in QL class. 
The instruction in the algebra class was more skills-oriented with rehearsal of specific steps in 
solving linear equations. In the QL class the focus was on two specific linear models, and students 
had time to make connections between different representations of both models described.  
 
Dimension 2: Cognitive Demand 
Algebra 
In the observed lesson, routine examples were presented by the instructor. Even though 
James involved his students by asking questions, there was no opportunity for students to 
“discover” mathematical procedures and rules on their own. During individual work, James 
provided some scaffolding but often shifted to demonstrate exact solutions. During whole class 
discussion James presented each problem with detailed step-by-step procedures. Given the fact 
that the majority of explanation was teacher-centered, James was able to cover 14 examples in a 
lecture/direct presentation format and students worked on another 14 examples individually. The 




more direct presentation with less student involvement.  Here is an excerpt from episode 5 of the 
algebra lesson. In it, James is going over example # 19 from the lesson outline: 
James:   Ok now, let us move on. Here is the problem that is slightly more difficult. 
[write 3(𝑥𝑥 − 5) + 4 = 13 on the board]. What do we do first? 
Student:  We divide.  
James:          No! Why would you divide first? We have to simplify first! Okay, distribute 
3, we get  3𝑥𝑥 − 15 + 4 = 13. Now, let’s simplify, we get 3𝑥𝑥 − 11 = 13. 
Add 11 to both sides. We get 3𝑥𝑥 = 24. Now you divide by 3 and we get the 
answer 𝑥𝑥 = 8. Any questions?  
Several Students:    No. 
James:   Okay, great! Let us move on.  
 
Quantitative Literacy 
It is expected that students struggle through problems in a QL course. The term productive 
struggle is used to describe students’ perseverance through problem solving. The lesson observed 
did not focus on procedural fluency, and there were two non-routine situations presented. It was 
observed that during the group work discussions students were challenged to come up with the 
algebraic model and then later to produce a scale and graph the data. However, during the whole 
class discussions, James tended to scaffold some challenges away. For instance, in episode 6, 
James did not give time for students to discuss the problems and directed the question to a stronger 
student, who gave the answer. Also, in episode 8, James showed explicitly how to find the 
horizontal intercept and the reason for finding it.  
Comparison 
The average score on cognitive demand dimension is higher for the QL class (2.0 vs. 1.57), 
but the difference is insignificant (p>0.05). This can also be attributed to the observation that the 
instructor’s teaching practices tended to scaffold away challenges. Even though the difference is 
insignificant, students had a chance to struggle through finding equations for both problems 




Dimension 3: Access to Mathematical Content 
Algebra 
The lesson demonstrated James’ efforts to get everyone involved. During the whole class 
discussion he asked questions of specific students by calling them by name. There was no 
preference given to any particular student. He expected students’ answers to use correct 
terminology. As mentioned earlier, the instructor looked at the work of every student when they 
were engaged in individual work. He expected everyone to work. In the following excerpt James 
responded to a student who was unwilling to do the work, this occurred in episode 3: 
James:    What is it that you are doing, Bob? You are not doing the work.  
Bob:        I am about to start now. 
James:     How come are you starting now? Everyone else is almost finished with this work. 
Bob:       Because I already know this. I do not really need to do it.  
James:    So show it to me that you already know this. Come on, you are better than this! 
Bob:       I really know this 
James:    So why are you here then?  
Bob:       Because I already passed the midterm and the final last semester, I just missed    
   several classes.  
James:   Well, if you do not want to do it, it is on you, not on me…. 
 
It is noticeable that James’ goal is to get everyone involved and he expects students to listen 
carefully, take notes, use proper mathematical terminology in their answers, and show respect to 
their classmates and instructor. There is a mutual respect and discipline in the classroom.  
Quantitative Literacy 
James has a good rapport with his students, and students were comfortable asking 
questions. In the QL lesson that was observed, uniform access was given to all students. About 
60% of instructional time was spent on students working in groups and presenting their findings. 
In 3 out of 5 groups, all group members contributed to the discussion with one member leading 




but members of this groups occasionally shared their work. James noticed that and asked students 
to speak up; he helped to initiate discussion in that group. There were two students working 
separately; their group members appeared to be absent. James approached each and initiated 
conversation. The excerpt of it is below:  
James:  Rebecca, could you tell me what you did here [points to table 
question (2)]? 
Rebecca: So what I did here, I multiplied the number of minutes times $0.13. 
Is this the total number of minutes here [pointing to the column 
representing the total cost]? 
James:  No, no, no… What they want you to do here is to figure out the 
formula to solve this. You see; this is the long way. For example, if 
you are given 100 minutes, would you sit here and write it 100 
times? 
Rebecca:  No. 
James:  So what would you do here? 
Rebecca:          $15.99 plus 100 times 0.13 
James: This is correct. So what is 100 here? 
Rebecca:  The number of minutes spoken. 
James:  This is correct, but this number is going to change; it could be 50, 
100 or 1,000, So when you do not know what the number is, what do 
you use for that? 
Rebecca:  You use “x” and an equation. 
James:  Yes, we call it a variable. They want you to use “t” here, so you are 
going to write “15.99 plus” what? 
Rebeca:  “t” times 0.13. 
James:  Good! Now you can use it to find cost for any number of minutes 
using this equation you wrote down. So if they tell you to use 1,000 
minutes, you are going to plug in 1,000 for a variable “t.” So what 
way is easier, writing it several times or using the formula? 
Rebecca:  [chuckles] a formula! 
 
James used similar questioning when scaffolding the derivation of a formula for groups 
who needed assistance. It is clear that James tries to give everyone equal attention when students 
are working collaboratively. However, in episode 6, James asked a stronger student to answer a 
question right after another student read it. Andrew and his group were ahead of others, and they 
already finished this question, but the rest of the class did not have a chance to work on it. The 





The average score on the access to mathematical content dimension is higher for the AL 
class (2.28 vs 2.06), but the difference is insignificant (p>0.05). In both classes, James had a good 
relationship with his students. There is a mutual respect and students were engaged in the work of 
the class. In both classes, students were comfortable asking questions, and equal attention was 
given to all students. The instructor observed the work of every student, and he made sure no one 
was left behind.  
Dimension 4: Agency, Authority, and Identity 
Algebra 
There was little opportunity for students to voice their own reasoning both during whole 
class discussion and during individual work. The IRE sequence dominated the interaction between 
students and instructor.  Most of the time, James did not ask students to relate their reasoning to 
each other. There was an instance when James asked a student to evaluate another student’s 
response, but it only happened once over the course of the lesson.   
 
Quantitative Literacy 
In the lesson observed, students were engaged working together. They asked each other 
questions, sought help from the instructor and presented their findings at the board. The instructor 
also encouraged students to contribute to group discussions. Similarly to dimension 3, James 
scaffolded away some internalization of content by explicitly giving explanation during whole 







The average score on agency, authority, and identity dimension is higher for the QL class 
(1.94 vs 1.5), but the difference is also insignificant (p>0.05). The QL curriculum is designed for 
students to internalize mathematical content through collaborative work and productive struggle. 
During group discussion, students in the QL class had active discussion that enabled them to make 
connections and build knowledge for themselves, but during other episodes this was not observed.  
 
Dimension 5: Use of Assessments 
Algebra 
The lesson was heavily focused on procedural fluency. Students were assessed only after 
they were presented with representatives examples. The assessment was in the form of correcting 
errors that students made by working individually. James provided positive reinforcement and 
supported the students. On one occasion, in episode 4, he discussed the common confusion 
between the values of 0/a and a/0 where a is a real number. He simply stated that the former is 
equal to 0 and the latter is undefined. There was no rationale given, and the instructor did not use 
the opportunity to bring in rich mathematical concepts that are connected to this misconception.  
Quantitative Literacy 
The lesson is designed to be student-centered with collaborative work and productive 
struggle. The question comparing two cell phone plans is a motivator to learn about the linear 
models and four representations of it: verbal, table, graph and equation. The lesson does not start 
with a definition of a linear model. Instead, it asks students to explore patterns to develop an 
equation and then use it to create a graphical representation. Only then is the more standard 




responses to help them formulate their own understanding and addressed misunderstandings they 
had. He allowed a student (episode 7) to explain her group’s finding at the board. In episode 4, 
James asked students how they came up with the scale for the graph and by listening to responses, 
he suggested how they could create a better graph.  
Comparison 
 
 The average score on the use of assessments dimension is higher for the QL class (2.21 
vs 1.79), and the difference is significant (p<0.05). The higher average score for the QL class can 
be attributed to the design of the QL lesson where content is presented not directly but implicitly 
through problem situations. James did not deviate significantly from this design and presented 
content in the order that is suggested. 
Enacted Practices 
After observing both lessons, it is evident that James structured his lessons to meet their 
outcomes. In algebra, he focused on procedural fluency by presenting examples of increased 
complexity. In quantitative literacy, he focused on obtaining models for problem situations and 
explaining explicitly the meaning of mathematical terms (slope and intercepts).  Students in both 
courses were attentive and engaged. The respect for the teacher was evident through their 
participation. James also made sure that every student was working by walking around and 
checking student progress through individual work in algebra class and group work in quantitative 




 Both lessons that were observed can be best classified as content focused with emphasis on 
performance. In both lessons, the instructor demonstrated, explained and defined the material, 
presenting it in expository style. There were differences in the modes of instruction used. There 
was more collaborative work in the QL class which opened the opportunity for students to explore 
the ideas on their own. During some episodes of collaborative work, the content focused with 
emphasis on conceptual understanding model of teaching could be identified. In such a model, the 
focus is on logical relations among math ideas and knowledge construction is desired.  
Professed Goals and Orientations 
 James was interviewed twice to gain his perspective on teaching developmental 
mathematics. He stated that in his prior teaching experience4 one of his primary goals of 
instruction was making sure that his students could identify an appropriate procedure for a given 
problem. James has mentioned several times that learning mathematics is about “understanding 
the form,” the form for him is a set of predefined rules and steps that students must master to be 
successful.  Once students match the type of a problem with appropriate procedure, the 
mechanics of doing the problem becomes automatic. He stated the following: 
 ….once you learn the form if you stick to your form you're going to be good 
so let's learn the roots, plant firm roots in the ground and then when the tree grows 
and the wind is blowing you're not going to fall down because your roots are good, 
and that’s very very important to me. 
Repetition and routine is vital for James. Students understand the class routine that consists 
of a rigid structure to maximize the time available. He described his typical class starting with a 
                                                      




short mini lesson explaining the new topic, followed by a class discussion, then group work on a 
specific set of problems with concluding summary provided by the teacher at the end. He values 
collaborative learning, but he does not see it as a primary method of instruction. He stated: “I use 
group work primarily for practice. It would be very challenging for students to try “discover” rules 
for themselves. They need direction. I always show several examples before letting students try 
problems themselves”.   His description of his teaching practices fits the content focused with an 
emphasis on performance model which is closely related to an instrumentalist view of the nature 
of mathematics. 
Figure 4.1 illustrates James’ professed and observed model of teaching.  James’ professed 
model of teaching is mostly consistent with the observed lessons. James emphasized the mastery 
of learning outcomes which could be observed in multiple examples that he presented in his 
algebra class. James also stressed the importance of accuracy and precision when employing both 
models in the QL lesson. The inconsistency can be attributed to the design of the QL lesson. There 
were only two problem situations to work on with the goal of understanding the connection 
between different representations of the mathematical model and the meaning of slope and 
intercept. The QL lesson allowed time for students to work in groups and explore the objectives 
of the lesson.                               







    
 
Figure 4.1 James’ Observed and Professed Model of Mathematics Teaching 
 
In the post-study interview James stated his belief that the QL course focuses on few topics 
while algebra curriculum is more comprehensive. The extensive algebra curriculum does not allow 
as much collaborative work as the QL curriculum. As a result, in the algebra classes, more time is 
dedicated to the direct instruction at the board and there is minimal productive struggle experienced 
by students. James also indicated that the volume of content covered in algebra calls for extensive 
repetition. Some topics in QL also require several examples of the same topic for students to master 
a given mathematical procedure or formula. James believes that knowing the right formula or 
procedure for a set of problems of the same type is imperative to master the content covered in 
both courses: “It doesn't matter the difficulty of the question; just stick to your format. Your format 
works [on] easy or hard questions and that's the thing is to get them to stick to the format.” 
In the post-interview James also mentioned that algebra students have much more 
mathematical content knowledge. Specifically, algebra students are better at the prerequisite 
content such as operations with fractions and working with percent and ratios: “QL students are 
not sophisticated and they're not as conceptually smart as the algebra students. In my opinion the 




He attributes the difficulty of algebra class to the uniform computerized final exam taken 
by all students enrolled in developmental algebra in the community college. Students must achieve 
a minimum grade of 60% on the exam and achieve an overall average of C to pass the class. In the 
QL class there are more opportunities to get a satisfactory average since there are more tests and 
homework is weighted as a higher percentage of the final grade. Even though the QL course has a 
uniform final, it covers significantly fewer topics than algebra.  
Another goal that James mentioned was establishing discipline and accountability of his 
students. James believes that the behavioral issues are the most concerning problem in the urban 
schools, and they prevent teachers from implementing progressive pedagogical methods like 
productive struggle and more group work. James feels that having strict discipline, a precise 
classroom agenda and assignment of responsibilities, like collection of homework, as well as clear 
consequences for misbehaving students is needed to avoid chaos in the classroom. He stated the 
following during the initial interview: 
I have these kids [middle school students] in such an early age. They are still 
developing mentally, emotionally and academically. They have various issues 
they are dealing at home. They let out those issues in classroom. It is difficult to 
teach in such environment, so you have to be strict at times, you need to make 
them accountable. Another issue is large classrooms. Some classes are so large, 
you cannot get to every kid individually.  
 
In his experience teaching middle school students, James strongly believes that students 
should feel free to ask questions and feel comfortable and relaxed in the classroom. However, 
James described the environment of an urban middle school classroom as hostile and dangerous. 
Students at times disrespect the teachers through inappropriate behavior and create a disruptive 





Taking control coupled with effective pedagogy is the key to be a successful teacher. James 
tries to get all his students involved. One of the ways he accomplishes it is by bringing students, 
up to 10 at a time, to the blackboard. It is a common routine for James. Also, he is open for any 
student to play the role of teacher if time permits.  James expressed his belief that students should 
be involved as much as possible, but his role is to make sure such involvement does not cause 
chaos, so it is important for him to keep order and carefully plan out the learning environment.  
James’ professed relationship with students could be observed in both of the lessons.  There 
was a mutual respect, and students were engaged in the work of the class. In both classes, students 
were comfortable asking questions, and equal attention was given to all students. The instructor 
observed the work of every student, and he made sure that no one was left behind. Discipline and 
engagement were observed in both classes. There were some inconsistencies. Students were not 
called to come to the board during the algebra lesson. Also, students in that class did not collaborate 
or help each other, even the ones who sat next to each other. There was a different environment 
observed in the QL class: students presented their graphs at the board and were actively engaged 
in helping each other. 
James claims that he can predict his students’ performance on exams almost precisely, 
since he gets to know his students through their participation, classwork, and group work which 
he carefully monitors by walking around, listening and asking questions:   
…I could measure it [student’s understanding] because I'm walking around and I’m 
seeing what they're doing, so I can measure that way. I also have certain people that 
will tell me this one is just not getting it; they'll talk to me and say so and so is not 
getting it, but it's more from conversation, looks on their faces, interaction . . .  
Upon noticing that a particular student is struggling, James comes up with an intervention. 
One such intervention is assigning a more advanced student to assist a struggling peer. Another 




conversations to discuss the issues a particular student is having.  
I'll talk to them privately. [Is] everything okay? [Is] everything all right? … if they’re 
just sad [or] if they start with “I don’t get it”, I'll work with them until they have a 
starting point until the light bulb will go off. I will help them get started…”let's start 
in the beginning, tell me what you’re not getting, do you understand by this sentence 
that the phone is unlimited and it costs thirty-nine dollars? do you understand that? 
Tell me what that means?”…you make them explain their steps and identify their 
mistake . . . Or sometimes if pressed for time, I will get it right there with them and 
say here it is, here is your mistake, here is your mistake. 
 
James explains that it is important for him to build trusting relationships with his students. 
He wants his students to feel comfortable and ask questions. By encouraging participation and 
listening to his students, James claims that he can assess the understanding and intervene 
accordingly.  
 
In a post interview James described how he engaged with his students in both courses. He 
observed student engagement differently in two courses. In the typical algebra lesson, James 
assigns questions to the whole class and observes how students complete those questions by 
walking around the classroom and checking the work of every student. As part of the whole class 
discussion, students are asked questions and students’ responses demonstrate engagement. The 
homework assignments demonstrate if students are following the material covered in class as well. 
In the typical QL lesson, James notices engagement by observing discussion at every group and 
the quality of notes that students take. James expects that all questions are answered in complete 
sentences with appropriate quantitative information.  
According to James, the interaction in algebra is limited to interaction between students 
and a faculty.  There is limited discussion in pairs. Students direct their questions directly to James. 




participation is similar in both courses at the beginning of the semester, since students tend to be 
shy and prefer to work alone. By the end of the semester, QL students get comfortable with 
working in groups, and they tend to participate more. James also explains that the quality of student 
explanation is richer in the QL course: “In the QL class I had kids say, ‘I did it this way’ and I say, 
‘That’s great.  There's many ways that you can do it’ and then other people say, ‘oh yeah, I 
estimated, I did this, I did that,’ great because a lot of the QL work is not exact work whereas the 
algebra work is exact.” 
 James believes that teaching QL had some influence on his general pedagogy. He claims 
that he now allows students to work more on figuring out problems on their own. In addition, he 
asks more questions and asks students to explain their reasoning. He states that it is difficult to 
completely shift his pedagogy since the algebra curriculum is too extensive to allow it. Table 4.2 













• Content focused 
with an emphasis on 
performance 
• Strict discipline 
• Teacher-centered 
• Content focused with 
emphasis on 
performance 




• Content focused with 
emphasis on 
performance  
• Content focused with 
emphasis on conceptual 
understanding (during 
group work) 











Curriculum • EA curriculum is 
more extensive and 
requires greater 
content knowledge 
than the QL 
curriculum 
• EA has harder 
assessments than 
QL 
• Instruction followed 
examples presented in 
the textbook with 
minor deviations 
• Instruction followed 
some suggestions 
outlined in the 
instructor’s guide with 
major deviations 
• Instructor implemented 
group work structure  
Students  • Instruction should 
be focused on 
students’ mastery 
of rules and 
procedures  
• Students should 
feel comfortable 
asking questions 





• Stronger students 
should help  
students who are 
struggling  
• Group work is 
suitable to practice 
learned procedures  
• Lecture is necessary 






• Limited student 
engagement in sense 
making 
• Use of IRE sequence 
• Focus on procedures 
• No group work 
• Limited “productive 
struggle” during the 
lesson 
• Students were 
expected to participate  
• Students were 
expected to complete 




• Instructor provided 
support during 
individual work  





• Students’ responses did 
not influence the 
general flow of the 
lesson 
• Some student 
engagement in sense 
making during problem 
solving 
• Small group discussions 
(1/2 of the lesson) 
• Some “productive 
struggle” during group 
work  
• Challenges were 
“scaffolded” away 
during whole class 
discussions 
• Students were expected 
to participate 
• Some instances of 
students making 
arguments or explaining 
their reasoning 
• Students’ responses and 
work during group 
discussions had some 
influence on the general 




The Case of Kevin 
Background 
Kevin is a full-time lecturer in the mathematics department of UCC. Kevin was a PhD 
candidate in pure mathematics with a specialization in number theory at the time of the initial 
interview. His bachelor’s and master’s degrees are in pure mathematics. He has worked at UCC 
for about five years, for three years as an adjunct lecturer and later hired as a full-time faculty 
member, teaching most of the courses that the department offers: developmental arithmetic and 
algebra, statistics, liberal arts mathematics, pre-calculus and calculus. Before coming to UCC, 
Kevin taught at a 4-year public college as a graduate fellow for about two years.   
Kevin’s undergraduate and graduate education did not include courses on teaching and 
learning. Kevin had experience teaching a specialized calculus curriculum that was designed for 
engineering students. He described his pedagogy as traditional with limited collaboration between 
students and stated that lecture was his predominant mode of instruction. He did not receive any 
specialized training from UCC when he started to teach there. He stated that he believes that best 
teaching practices come from actual teaching experience. However, he is open to professional 
development programs.  
Kevin was concerned about the high failure rate in developmental mathematics, and he was 
open to learning about the Quantitative Literacy initiative that the department offered. He 
participated in training at the same time as James, and he also agreed to participate in this study. 
He was initially interviewed prior to his training in August of 2015. He was also assigned to teach 
a section of QL and a section of elementary algebra (EA). His QL class met Tuesdays and 





Class Observations Overview 
Elementary Algebra: Solving Systems of Linear Equations 
The lesson was taught during the tenth week of the Fall 2015 semester at UCC and 
introduced solving systems of linear equations in two variables. Specifically the substitution 
method was emphasized. The class met twice a week for a total of 4 academic hours or 200 
minutes. The lesson prior to it covered finding the equation of a line. The class used an online 
homework platform, and students were expected to submit their homework once a week. The 
lesson that followed this lesson addressed the addition method of solving linear systems. The 
lesson objectives are listed below and each episode’s description is included in Appendix H. 
 The lesson had the following objectives: 
• Understand that a solution to a linear system is a point where two lines, each 
representing an equation, intercept  
• Use the substitution method to solve a system of linear equations in two variables 
The instructor used the overhead projector that projected on the whiteboard allowing Kevin 
to use marker and write directly on the projected image. Initially there were 14 students present in 
the class. At this point in the semester, Kevin had 20 students who were still attending out of 25 
who were originally on the roster. Students were seated in long rows facing the whiteboard. Four 
more students came between 10 to 20 minutes late to the class. There were 11 female and 7 male 
students present in the class.   
 
Quantitative Literacy Lesson: Linear Models 
The lesson was taught during the tenth week of the Fall 2015 semester at UCC. It was the 
same lesson that was taught by James (see Appendix G). The lesson introduced the topic of linear 
models. This specific lesson introduced students to linear modeling through two problem 




coming up with two linear models that described both services. The second problem situation dealt 
with a prepaid coffee shop card, and students were asked to determine how long would it last.  The 
lesson objectives are listed below and each episode’s description is included in Appendix I.  
Students will understand that  
• linear models are appropriate when the situation has a constant increase/decrease. 
• slope is the rate of change. 
• the rate of change (slope) has units in context. 
• different representations of a linear model can be used interchangeably. 
 
Students will be able to  
• label variables used in a linear model with appropriate units. 
• make a linear model when given data or information in context. 
• make a graphical representation of a linear model. 
• make a table of values based on a linear relationship. 
• identify and interpret the vertical intercept in context. 
 
There were 16 students present in the class at the beginning of the lesson; one student came 
in 10 minutes late into the class and one student came 30 minutes late. Kevin addressed the later 
student and reminded him that it is not acceptable to be late. There were 14 female and 4 male 
students present. The lesson was conducted in a regular classroom with long desks. Students were 
seated in small groups facing each other. There were two groups of five and two groups of four 
students. There were no students seated separately from their groups.  
Lesson Analysis and Comparison across Five Dimensions 
Mode of Instruction 
 The majority of instructional time in algebra class was in the form of whole class discussion 
with the exception of one episode where students worked in groups or in pairs. The algebra class 
appeared to be attentive, but one student, Andrew, occasionally interrupted discussions; he did not 
follow directions and initiated conversations with classmates that were not related to the topic 




onset of the course that he would need to deal with Andrew’s behavior. He took the approach of 
getting him involved in the lesson more, by asking him direct questions, making him a group leader 
during collaborative work, and asking him to present his work at the board. 
 In general, students appeared to be engaged; they participated in class activities and asked 
questions. The instructor was leading the discussion and invited different students to participate. 
Kevin’s lesson plan included 8 systems of equations. He planned to go over four of them by 
demonstrating steps in a whole class discussion and assigning the other four for group work.  
 In the QL class students appeared to be engaged, working together and asking questions. 
The instructor utilized every minute of the class, expecting everyone to be on task. Kevin tried to 
promote “productive struggle” in the classroom, avoiding giving direct explanation. The class 
spent a significant amount of time graphing two linear models which left little time for the second 
problem situation.  
 About 1/3 of the instructional time in the QL class was spent on group work. During group 
work Kevin was actively involved in making sure that students were on task by asking students 
leading questions and occasionally giving hints to the whole class.  
 
TRU Math Rubric Summary of Scores 
Both lessons were coded by the researcher into episodes and analyzed using the 
researcher’s adaptation of the TRU math rubric discussed in the methodology chapter. Table 4.2 
provides mean scores on five dimensions for all episodes of both lessons taught by Kevin. The 
statistical significance in difference between means is also included. The detailed description of 
each episode (which includes duration, mode of instruction, summary, TRU math score and its 





Mean scores on five dimensions of the TRU Math Rubric for the Elementary Algebra and 
Quantitative Literacy lessons taught by Kevin 
 














(SD = 0.35) 
1.92 
(SD = 0.35) 
2.29 
(SD = 0.39) 
1.93 
(SD = 0.53) 
1.57 




(SD  = 0.35) 
2.14 
(SD = 0.38) 
2.36 
(SD = 0.56) 
2.07 
(SD = 0.45) 
1.92 





p < 0.05 p > 0.05 p > 0.05 p > 0.05 p > 0.05 
 
Lesson Comparison across Dimensions 
Dimension 1: Mathematics 
Algebra 
In the algebra lesson that was observed, Kevin presented the topic of linear systems by 
making necessary connections to geometry. The examples that were presented covered three 
possibilities of a solution to linear systems: one solution, no solutions and many solutions. The 
connection between algebra and geometry was emphasized. For about 2/3 of the class time, Kevin 
was presenting the content. He made an effort to get students involved, but he did not provide 
sufficient time for students to process information and respond. Oftentimes he made important 
connections himself. The excerpt below demonstrates one such instance that occurred in episode 
3 (see Appendix H): 
 
                                                      
5 Each dimension is assigned a score from 1 to 3 with 0.5 increments for each episode. A higher score indicates a 




Kevin:  Michael, what situation do we have here? Do the lines cross, 
parallel, or the same line? 
 Michael: Lines cross 
            Kevin: Right! Because all we need is took at the slope and then we will 
know if lines cross.  
 
 Here it could have been valuable for Michael himself to explain why lines cross and how 
that connects to the slopes of both lines. In another example from episode 5, Kevin presented a 
system that had infinitely many solutions. He explained that when using the substitution method, 
if the system results in a true statement, then it means there are infinitely many solutions. This is 
the general strategy that Kevin employs: he asks students concrete questions, but he does not 
anticipate that students will give a detailed response. However, it appears that Kevin needs a 
closure for each discussion which can be observed when he explains important mathematical 
properties.  
 Students were working in groups or pairs for about 1/3 of the instructional time. They 
worked on four examples: three of the examples resembled the ones presented by Kevin and one 
involved decimals. Episode 6 (see Appendix H) gives a description of the events during this group 
activity. Students collaborated well, discussing steps to solve each system. In the meantime, Kevin 
was walking around assisting groups and pairs by giving hints, outlining steps, and at times 
correcting errors.  He also asked three students to present their work. It is important to note that he 
did not check the correctness of a solution before each student wrote them on the board. He made 
it clear that it is okay to make errors and errors are part of the learning process. One student actually 
made an error, and the class corrected it during the discussion. It appears that this pedagogical 
strategy is a norm for the class and that students are comfortable with presenting, even if their 






The lesson was designed to give a conceptual understanding of linear models. The standard 
definition of a linear equation with two variables was not presented in the lesson. The goal was to 
explore the relationship between two variables in both problem situations, realize the linear pattern 
and generalize the pattern with an equation. By this point in the curriculum, students had been 
introduced to equations with one variable, formulas, and dimensional analysis. This lesson allowed 
them to take these ideas one step further. Kevin gave a short introduction at the beginning of the 
lesson, focusing on the term “linear model” that appears in lesson objectives. He gave a verbal 
definition for the slope and intercept. He defined slope as a “constant change” and an intercept as 
a place where a line crosses horizontal or vertical axis. He did not try to explain these terms, but 
rather directed students’ attention to lesson’s objectives. He then gave students about 10 minutes 
to explore numerical pattern and build linear models. Two groups were able to derive equations 
on their own, while the other two groups required extensive scaffolding. After all groups were 
finished, Kevin brought the whole class together and put the equation that groups derived on the 
board. He rewrote the equation using standard variables, x and y, to see if students could make a 
connection to the slope-intercept form of a line that they encountered in their high school algebra 
courses. Some students called out “𝑦𝑦 = 𝑚𝑚𝑥𝑥 + 𝑏𝑏. " Kevin confirmed and explained that this lesson 
dealt with linear equations with two variables. He stated that the standard terminology would not 
be used, but rather students need to understand the meanings of terms in the context of a given 
problem. In a whole class discussion, Kevin also discussed the constant rate of change in the price 
of the pre-paid plan as well as the units of it. He demonstrated how units work in the derived 
equation, making connection to the previous lesson in the curriculum.  In episode 5, Kevin 




constant rate of change and showed the geometric interpretation of it. In the same episode, students 
explored the meaning of intercepts. Presentation was driven by the instructor, but students were 
expected to contribute and participate in the discussion. 
Comparison 
 The average score on the mathematics dimension is higher for the QL class (2.57 vs 2.07), 
and the difference is significant (p<0.05). The difference can be attributed to the fact that the QL 
lesson allowed more opportunities to explore the connections between concepts while the algebra 
lesson was focused on specific algebraic procedures. Kevin’s QL class explored the connection 
between different representations of linear models and explored the conceptual meaning of the 
slopes and intercepts. Kevin’s algebra class focused on understanding the steps for solving linear 
systems. The lesson also included the connection between algebra and geometry through the 
meaning of the intercepts of both lines.  
Dimension 2: Cognitive Demand 
Algebra 
Kevin chose illustrative examples that thoroughly covered the intended content. He tried 
to get students to build important connections through whole class discussion. During group work, 
ample time was given for students to figure out similar examples on their own. One example was 
given that contained decimal coefficients; however, students struggled with it and they were unable 
to figure it out even after Kevin told them how to change coefficients from decimals into integers. 
It was also observed that during whole class discussions when Kevin posed a question, students 
would give brief response followed by Kevin giving a detailed explanation, resembling Initiation-






During the observed lesson, students were given opportunities to explore the concepts in 
groups. During episode 2, two groups were able to derive linear equations on their own. Both 
groups had strong student-leaders who led the derivation. The other two groups struggled. Kevin 
sent the leader of one group to assist, while he helped the other group. Kevin asked the struggling 
group what pattern they noticed, then he asked them to introduce the variable to generalize the 
pattern. He did not explicitly give students the answer but, rather, guided their understanding.  
During episode 4, students spent a significant amount of time figuring out what scale to use to 
graph both plans. At one point during this episode, Kevin pulled the class together to review 
different scales each group came up with and discussed which would work better for the range of 
values to be displayed. In episodes 3, 5 and 6 Kevin stressed the importance of understanding the 
terms covered in the lesson. Specifically, Kevin wanted his students to make connections between 
the word description, table, graph and equation of a given linear model. During these episodes 
Kevin presented this connection himself. In episode 3, he defined the meaning of the slope and 
units in context. In episode 5, he described the meaning of the intercept. In episode 6, he described 
how characteristics of a line fit with its equation.  
Comparison 
 The average score on the cognitive demand dimension is higher for the QL class (2.14 vs 
1.92), but the difference is insignificant (p>0.05). This can be attributed to the fact that in both 
lessons Kevin explained certain concepts explicitly. He defined the meaning of mathematical terms 
and provided detailed explanation. In both lessons, students were given the opportunity to explore 





Dimension 3: Access to Mathematical Content 
Algebra 
Kevin called students by name. He did not ask for volunteers, but rather expected different 
students to answer each time. Knowing that the behavior of one specific student could cause other 
students to disengage, he called on him to avoid losing control of the class. During collaborative 
work, no student was left unsupported. Kevin did not enforce strict discipline; students were free 
to call out their responses.  
Quantitative Literacy 
Kevin’s classroom structure promoted active engagement in all students.  Realizing that 
students have different level of understanding of mathematical ideas, Kevin presented ideas from 
multiple angles. For example, slope was presented first as constant rate of change observed 
numerically, then as a ratio of two variables, and later geometrically. This allowed more students 
to follow the discussion. Kevin also invited students to discuss the meaning of their obtained 
solution. In episode 5, Kevin asked Jessica to explain the meaning of the intercept:  
Kevin:  Right about here [points at an x-coordinate of the intersection 
point], 183 or 184, we have the intersection point. What does this 
point of intersection [points at the intersection point of two lines] 
mean? 
Jessica:  Points where they cross. 
Kevin:  Yes, it is the place where they cross. But, Jessica, what does this 
point mean? 
Jessica:  When you talk for 180 minutes, both plans would cost the same 
amount. 
Kevin:  Right. So if we talk for more than this amount of minutes [points to 
the segment to the right of the x-coordinate of the intersection point] 
then what plan would you choose? 
Several Students: The unlimited plan 
Kevin:   And if you talk less? 
Several Students: Per-minute plan 





Kevin:  You can estimate your historic usage by finding average number of 
minutes talked each month for a period of one year using your 
statements.  
 
Kevin is able to achieve a productive classroom with students sharing their ideas in groups 
and contributing to class discussion. Kevin does not single out any specific student and invites 
everyone to participate equally.  
Comparison 
The average score on this dimension is similar for both courses (2.29 for EA and 2.36 for 
QL) and the difference is statistically insignificant. In both courses Kevin promotes the 
participation of every student in the class. He also invites broad range of students to participate in 
the discussion.  
Dimension 4: Agency, Authority, and Identity 
Algebra 
It was observed that students were putting forward their ideas during group discussion and 
building on each other’s ideas to solve the problems given for group work. Kevin supported 
students who were struggling by providing enough scaffolding for them to figure out the solution. 
During the whole class discussion, however, not enough time was given to students to develop 
their own ideas. Kevin was the primary driver of conversation and only abrupt student responses 
to posed questions were observed.  
Quantitative Literacy 
Kevin tried to make it possible for students to generate their own ideas. This was observed 
especially during group work, episodes 2 and 4 (see Appendix I). Some students were noticeably 
struggling, but Kevin allowed time for them to discuss their ideas and to share their struggles with 




Towards the end of the lesson, Kevin had to go quicker and less time was given for students to 
work in groups.  
Comparison 
Once again the average score on this dimension is similar for both courses (1.93 for EA 
and 2.03 for QL) and the difference is insignificant (p>0.5). In both lessons the instructor allowed 
students to explore ideas, but the teacher was in control of lesson flow. Also, in both classes 
students’ responses were limited to few words; they did not elaborate on their answers. It was left 
to the instructor to make the important connections.  
Dimension 5: Use of Assessments 
Algebra 
Kevin provided support in the form of correcting students’ responses and outlining steps 
for solving problems. Students were assessed only after the material was presented. Kevin was not 
probing for common misconceptions during the initial explanation.  
Quantitative Literacy 
In the lesson observed, student reasoning was actively pursued. The lesson tasks were 
designed to provide students with opportunities to explain. The answers were discussed in whole 
class discussion to develop meaning. The discussion occurred in every episode. The lesson was 
designed for gradual building of understanding of linear models. Kevin followed this model, and 
he tried to capture relevant student responses to direct his lesson.  
Comparison 
 The average score on this dimension is higher for the QL class (1.92 vs 1.57), but the 




but since their answers were brief, it was difficult for Kevin to build the discussion based on 
students’ responses.  
  Enacted Practices 
 In both lessons that were observed, Kevin welcomed students’ contribution to discussion. 
Students were comfortable asking questions and free to call out or contribute to the discussion at 
any point in the lesson. There was an expectation that students in the QL class had to work 
collaboratively to discuss problems. In the EA class, students were seated in long desks and group 
work was observed only in one episode. Kevin encouraged students in the QL class to work 
collaboratively, reminding them that it is expected in his class. In EA Kevin did not state this 
expectation.  
He wants students to make connections across different material that is covered. At times 
he would spend more time showing examples at the board and, at other times, he would let students 
work more in groups. In both lessons that were observed, it is evident that Kevin values concepts 
more than procedures. In the algebra lesson he started the class by explaining the geometric 
understanding of possible solutions to linear systems of equations. Then he presented relevant 
examples while making connections to geometry. In the QL lesson students were expected to 
derive the linear models themselves, and then there was thorough discussion on the meaning of 
slope and intercepts in the context of the situation. Thus, it can be concluded that both lessons are 
close to content focused with emphasis on conceptual understanding model of mathematics 





Professed Goals and Orientations   
Kevin believes in promoting free and open discussion in his classroom.  To the greatest 
extent possible, he sees students as generators of ideas. However, the instructor needs to recognize 
when to intervene and provide support. Kevin describes a disconnect between faculty teaching at 
UCC and their students in terms of educational and social experiences. Some instructors have a 
hard time adjusting their teaching to a level that students can follow, which can be explained by 
the extensive content knowledge that college faculty have. Kevin describes his view on the content 
knowledge of instructors: 
Knowing a lot more than what you're teaching can have an advantage because you 
can see the super-structure into which it fits and you can give more context perhaps. 
But if you're someone who just understands the basic stuff, but very well, then 
maybe your mind is closer [to the students’]. This sort of bridges with that we’re 
saying about the disconnect.  
  
The major goal in teaching developmental math courses is to help student rediscover the 
content that they have already experienced in the past, build on that previous knowledge, and 
promote engagement. Kevin believes that this can be accomplished by focusing on meaning of 
concepts covered. He believes it is crucial for students to see connections between various 
mathematical topics since each topic builds on the previous one. It is important, in his opinion, 
that student realize that each mathematical procedure is grounded in the meaning and has 
mathematical foundation for it. He considers his role to be a facilitator of the classroom instruction. 
He believes in a “laissez-faire” approach to teaching where students are free and open in 
developing their mastery of content. The observations of both of his classes agree with his beliefs. 
In both lessons, Kevin invited students to participate and allowed students some time to work on 
the material on their own. During whole class discussions and group work Kevin tried to extract 




           Kevin describes his typical developmental algebra class starting with a quick lecture and 
several workout examples of increasing complexity followed by students working on problems. 
He mentions that he alternates between working out the first few problems on a board and other 
times involving other students to help him to “discover” the solution. Specifically regarding 
remedial courses, Kevin stated the following, “…there's no pure lecture usually with these 
developmental classes because I just like to get down to application, abstract applications.”  
 His description of the algebra lesson was accurate. He started with several examples of 
increasing complexity and then asked students to work on another set of problems while he assisted 
them. In the QL class, he also started with a short lecture defining terms that students would see 
in the lesson followed by group work. In algebra Kevin presented concrete examples, while in QL 
he defined key terms.  
Once students were given some time to solve problems individually or in groups, students 
were asked to volunteer to either show solutions on the board or describe solutions verbally. This 
practice was observed in both classes. In the QL lesson observed Kevin pulled the class together 
after group work to review the answers. He asked students to share their answers. Kevin was trying 
to make deeper connections which can explain the abrupt and limited responses of his students. 
For instance, in episode 3 of the QL lesson Kevin asked students for the units of the slope. Students 
had a hard time answering since this terminology was possibly new to them. Kevin still tried to 
get responses from them, and he eventually described it himself. Students in the algebra class 
participated by going to the board and presenting their answers. In particular, Kevin asked the 
student with behavioral issues to participate at the board. This was an effective move since this 




Kevin states that developmental algebra curriculum is extensive and there are certain 
topics, such as factoring, where students need to see more worked examples, which leaves little 
time for students to work on the problems individually or in groups. In addition, the algebra 
curriculum does not promote writing qualitative responses to problems since most answers are 
numerical responses or algebraic expressions. Even though the algebra curriculum does not allow 
for greater collaboration, Kevin still believes in active participation by the students. He encourages 
student participation when he presents examples on the board by asking questions of different 
students. He wants students not only to describe the steps in solving a particular problem, but also 
to make connections to previously learned content. From this description it is evident that mastery 
of learning outcomes is important for Kevin, and he recognizes which topics require more board 
work than others. At the same time he put emphasis on student understanding of concepts covered.  
Kevin does not enforce a particular sitting arrangement for collaborative learning. He 
welcomes students to work together on problems. He expects students to be mature enough to 
contribute to the discussions rather than just copy the work from a classmate. His description is 
close to content focused with emphasis on conceptual understanding model of mathematics 
teaching.                          
Kevin’s professed beliefs and observed practices agree. He values conceptual 
understanding, he focus on logical relations among math ideas and, at the same time, ensures that 
student understand the content covered. Figure 4.2 illustrates the model of his math teaching.  
 
 










Figure 4.2 Kevin’s observed and professed model of mathematics teaching 
 
Kevin holds a strong view that the instructor is not an authoritarian figure who dictates to 
students what needs to be done. Students at the community college are adults and should be treated 
like ones. He states:  
I know it's insane [that] in America it is encouraged that you make it on your own, 
but for 12 years [in school] you have to sit in a room and be told exactly when 
you are to go to the bathroom. You are an adult now you have to act like one. I'm 
going to help you, remind you, you can come to my office hours but I'm not going 
to hold your hand. You can come to me and I’ll talk to you and I’ll give you all 
the support in the context of the time I have. 
Kevin believes that students should experience failure if they choose to not take work 
seriously. They need to be accountable for their decisions. The hope is that their failure has a 
potential to change their mindset to become responsible students. If the instructor takes an 
authoritarian stand, students can blame the strict environment for their failure, never realizing that 
they are now in a college environment and must change their work ethic.  
Students are required to take a placement test when they enroll at UCC. The ACT Compass 
test is used to determine if a student needs remediation in mathematics, writing and reading. Kevin 
states that there is a subset of students who would not fail the placement test if they were given 
some time to prepare, and these students usually perform well in the developmental mathematics 




to interact with the learning environment, who lack study skills, and who do not carry a sufficient 
knowledge base to be successful in the class.  
Kevin tries to get as many students as possible to participate in a given class from the quiet 
students to the most enthusiastic. However, if there is a student who does not wish to participate 
and this student is strong, then Kevin does not call on this student.  Kevin welcomes wrong answers 
from students during the discussion because it gives an opportunity for other students to correct 
and this way get more students involved.  
Kevin states that many developmental students perceive math as an abstract subject that 
they are not capable of understanding. According to Kevin, this misconception comes from 
students’ previous negative experiences in mathematics classrooms. For some students, even 
mentioning mathematics causes anxiety. Kevin states, “…it [anxiety] is coming from failure and 
previous settings…my psychological model that it is a learned behavior. A lot of it is based on 
previous frustration and that probably happened in the [mathematics] class.” 
Kevin describes that mathematics education in the US is focused on “fill in the blank” both 
in writing and verbally. It is rare that students are given an opportunity to express their thinking in 
details and make connections between various topics in mathematics. As a result, students do not 
expect that they will be asked to explain their thinking and make connections. Their answers are 
usually abrupt: a short sentence or phrase verbally and a single expression in writing. 
Kevin describes the way he keeps his students engaged in the classroom. He constantly 
asks questions and pays close attention to the class dynamic. He believes it is imperative that all 
students are involved in a discussion and that students are called by name. It is useful to remember 
when a student demonstrates his or her understanding of a particular topic or procedure. In future 




and this way trying to encourage students to internalize their understanding. Also it promotes 
positive atmosphere of mutual respect between instructor and students.  
Kevin can identify when a particular student is struggling through intuition and students’ 
responses to posed questions. Kevin mentions that he rarely checks what students are writing in 
the classroom and, instead, he focuses on student engagement to identify the struggle. Kevin 
reminds students of the options available to them for help, such as office hours, the tutoring lab 
and emails. However, he does not force his students to utilize them, because he believes that 
students should be responsible adults and reach out for help themselves.  
According to Kevin, students’ personal lives sometimes prevent them from focusing in 
class or even coming to class. Some students cannot adjust and/or relate to a new educational 
setting and the expectations that are required of them. All of these factors further alienate them. 
Table 4.4 summarizes the relationship between Kevin’s professed beliefs and his enacted practices 
Table 4.4 










• Students need help 
to “rediscover” the 
content they were 






• Content focused 
with emphasis on 
conceptual 
understanding 
• Needed closure to all 
discussions; made 
connections beyond the 
lesson’s learning 
outcomes  
• Content focused with 
emphasis on conceptual 
understanding  
• Content focused with 







The Platonist view  The Platonist view The Platonist view 
Curriculum • EA curriculum has 
more topics with 









• Instruction was semi-
structured. Prepared 
examples were 
introduced and the 
instructor expanded on 




• Instruction utilized the 
instructor’s guide with 
emphasis on connection 
between concepts 
• Instructor implemented 
group work structure 
Students  • Instructor is a 
facilitator of 
instruction  





• Active participation 
of students is 
encouraged  
• Any particular 
sitting arrangement 
is not enforced 
• Students should 
learn from their 
mistakes 
• All students should 
have opportunity to 
participate 
• It is important to 
acknowledge 
contribution and 
give merit to it  
• Predominantly whole-
class discussion 
• Instructor invited 
students to make 
connections between 
algebra and geometry 
• Insufficient time was 
given for students to 
fully engage with the 
content 
• Asked students 
concrete questions, but 
detailed responses 
were not expected 
• Asked students to 
present without 
checking a solution first   
• Use of IRE sequence 
• Random students were 
called to answer 
question 
• Students were free to 
call out their answers at 
any time 
• Some instances of 
students’ contributions 
to class discussions 
were observed  
• Instructor initiated and 
led the discussions 
• Use of leading questions 
and hints to promote 
productive struggle 
• Group work (1/3 of the 
class time) 
• Productive struggle 
during group work 
• Presence of group 
leaders 
• Instructor sent stronger 
students to assist 
struggling groups 
• Emphasized the 
meaning of 
mathematical terms 
discussed in the lesson 
• Asked students to 
explain the meaning of 
the answers obtained in 
class 
• Some instances of 
students’ contributions 
to class discussions were 
observed 
• Instructor initiated and 
led the discussions  
• Instructor attempted to 






The Case of Tyler 
Background 
Tyler is a full-time lecturer at UCC. He started teaching at UCC and another community 
college six years ago as part of his PhD program in pure mathematics as an adjunct lecturer. He 
accepted a full-time offer during the semester of this study. He has extensive educational 
experience. His first degree was in science and his second degree was in business administration 
from a university in Africa. He worked for two years managing a company in Africa before coming 
to the United States where he earned a bachelor’s degree in business administration with a finance 
concentration as well as a minor in mathematics. Over the course of his educational experience, 
he began to develop an interest in mathematics, taking many higher level math electives and 
tutoring college students. Subsequently, he completed a combined bachelor’s and master’s degree 
in pure mathematics and enrolled in a PhD program.  
While pursuing his master’s degree, Tyler participated in a workshop that aimed to 
introduce general teaching topics for students interested in becoming teachers. Some of the 
subjects were time management, methods of instruction, instructional technology tools and 
classroom management. Special attention was given to the role of students’ diversity.   
 Like other study participants, Tyler agreed to participate in this study prior to teaching 
quantitative literacy for the first time and prior to the training. He was interviewed in August of 
2015 and later in December of 2015. His elementary algebra class was observed during the fourth 
week of the semester and his QL class was observed during the tenth week of the Fall of 2015. 
Both of his classes had a standard schedule, meeting twice a week for a total of four academic 
hours a week. The EA class met from 10am to 11:40am and QL met from 12pm to 1:40pm, both 




Class Observations Overview 
Elementary Algebra: Linear Equations in Two Variables 
 The lesson was taught during the fourth week of the Fall 2015 semester and covered 
introduction to linear equations in two variables. The class met twice a week for 2 academic hours 
or 100 minutes. The lesson prior to it covered applications of linear equations with one variable. 
The lesson that follows the one discussed here is finding the equation of a line. The lesson had the 
following learning objectives:  
• Graph ordered pairs on a rectangular coordinate system 
• Find solutions to linear equations in two variables 
• Determine whether an ordered pair is a solution to a linear equation in two variables 
• Graph a linear equation in two variables 
• Find the slope of a line from two points on the line 
Tyler used a handwritten notes with several problems that he planned for this lesson. In the 
interview he mentioned that he chooses examples carefully to illustrate all possible types of 
problems that students need to master. He does not follow the same order as textbook when 
presenting the material, but rather follows a sequence that is logical to him. This was seen in the 
observed lesson (see Appendix J). He presented two linear equations with two variables and 
discussed the slope. He left the discussion on intercepts for the next lesson.  
There were 13 female and 10 male students present out of 25 students registered in the 
class. Tyler took attendance at the beginning of the class. Two students came about 10 minutes 
late to the class. The lesson was conducted in a regular classroom with long desks. Students were 
seated close to each other and close to the board. There were no students sitting in the back.  
 
Quantitative Literacy Lesson: Linear Models 
 The lesson was taught during the tenth week of the Fall 2015 semester. This was also the 




of this lesson covering the same learning outcomes. Tyler chose to teach the second version of the 
lesson. In a post-study interview he stated that this alternative lesson is more relevant to UCC 
students since it covers commission work and the use of mass transit. The complete lesson is 
included in Appendix L. 
The setting was a regular classroom with long desks. Students were seated facing each 
other on different sides of the tables. Tyler took attendance at the beginning of the class.  There 
were 11 female and 9 male students present out of 25 students registered in the class. One student 
came about 15 minutes late to the class. It appeared that the instructor knew students’ names since 
during the course of the lesson Tyler asked different students questions and called them by name. 
 The lesson introduced students to linear models through two problem situations. The first 
problem involved comparing a flat rate salary with a commission salary. Students needed to 
construct linear models for both salary methods to investigate the meaning of a break-even point. 
The second problem dealt with choosing between the unlimited MetroCard and Pay-Per-Ride 
MetroCard that is used to pay for the use of mass transit in New York City. The lesson also required 
the construction of linear models. Both models introduced students to the meaning of slope and 
intercept in the given context.  
 Tyler used a copy of the student workbook during the class. During the end-of-the-study 
interview, he mentioned that he reviewed the instructor notes and then wrote notes for himself 








Lessons Analysis and Comparison across Five Dimensions 
Modes of Instruction 
 There were differences in the modes of instruction used by Tyler in the two lessons.  Tyler 
started his QL lesson immediately with group work which lasted for about 30 minutes. Students 
were asked to complete the first three questions of the lesson, but the groups each worked at a 
different pace: 3 out of 5 groups answered all questions in problem situation 1 of the lesson. The 
lesson was structured around the problems that students worked in groups. After group work, Tyler 
asked one student to read the problem situation and the class engaged in discussing the meaning 
of it. The students were then asked to present their work at the board using poster-sized Post-it 
Notes. Then the class engaged in another whole class discussion. He invited different students to 
participate and contribute to the discussion. The QL lesson ended with Tyler giving a 20-minute 
direct explanation of the meaning of slope connecting it to the problem situation covered. Students 
were minimally involved in the last episode; they appeared attentive, but few were taking notes.   
 The EA lesson that was observed had more transitions. Tyler started the lesson with a 
review of a problem from previous lesson. Then he presented the objectives of the lesson 
supplementing them with an example. Then students were given the chance to work on a similar 
example in groups. Following the group work, representatives of three groups came to the board 
to present their solution. Then Tyler presented another objective, finding the slope of a line, in a 
similar way: a short explanation with example followed by students working a few examples, and 
given the time constrains, Tyler reviewed the problems at the board. This time students were 






TRU Math Rubric Summary of Scores 
  Both lessons were coded by the researcher into episodes and analyzed using the 
researcher’s adaptation of the TRU math rubric discussed in the methodology chapter. Table 4.3 
provides mean scores on five dimensions for all episodes of both lessons taught by Tyler. The 
statistical significance in difference between means is also included. The detailed description of 
each episode (which includes duration, mode of instruction, summary, TRU math score and its 
rational)  can be found in Appendix J for the EA class and in Appendix K for the QL class. 
Table 4.5 
Mean scores on five dimensions of the TRU Math Rubric for the Elementary Algebra and 
Quantitative Literacy lessons taught by Tyler  
    














(SD = 0.37) 
1.56 
(SD = 0.42) 
1.88 
(SD = 0.23) 
1.81 
(SD = 0.26) 
1.69 




(SD = 0.50) 
2.3 
(SD = 0.57) 
2.6 
(SD = 0.65) 
2.4 
(SD = 0.65) 
2.4 





p < 0.05 p < 0.05 p < 0.05 p < 0.05 p < 0.05 
 
Lesson Comparison across Dimensions 
Dimension 1: Mathematics 
Algebra 
 The topic of the lesson was linear equations with two variables. Tyler started this new topic 
by giving the standard definition of a linear equation in two variables. Then students were asked 
to give ordered pairs of solutions to a relatively simple equation: 𝑥𝑥 + 𝑦𝑦 = 2. He explained that 
                                                      
6 Each dimension is assigned a score from 1 to 3 with 0.5 increments for each episode. A higher score indicates a 




equations of this type have infinitely many solutions. Students were then asked to come up with 
more solutions to this equation by working in groups. Tyler then asked students to the board and 
demonstrate why the ordered pairs they came up with were solutions. Tyler then introduced the 
Cartesian plane and asked students to come up to the board to plot the solutions obtained.  The 
class spent about 40 minutes on this problem. This was the only example that Tyler presented of a 
linear equation with two variables in this lesson. The presentation was effective but more examples 
would need to be given to help students make connections.  
 Following the graph, Tyler introduced slope of a line by drawing an SUV standing on top 
of two different hills; one hill had an inclined path to it, while the other had a vertical wall which 
was only be accessible with a rope. He asked students what path they would take to get to this 
SUV. Students chose the inclined path. The instructor defined his path as having an incline, or 
slope. The example followed the formal definition of a slope. The connection between the “SUV” 
example and the formal definition was unclear (see episode 5, Appendix J).  By the end of the 
class, students were computing the slope of a line individually. Tyler emphasized the importance 
of the slope formula and warned students to be careful in using it.   
 
Quantitative Literacy 
 Tyler used the alternative version of the lesson covering linear models. The goal of the 
lesson was the same as the goal of the standard lesson: students had to discover equations for the 
problem situations presented in the lesson and then make connections between equation, table, 
graph and verbal description of a linear relationship. For about ½ of the lesson, students worked 
in groups and presented their work. Tyler tried to make the students reason and make connections 




Tyler:   So what is better, working for a commission or receiving a flat salary for Edgar? 
 Shaun:  It depends. It might be one of those boutiques that no one goes to, so one week he 
              might not be able to sell anything and he will go home with only $200. In this       
   situation flat rate is better. 
 Tyler:   Okay! What if you work for a popular dealership selling expensive cars. Then  
   would you still choose flat rate? 
 Several students:   No!  
 
The importance of making connections was also observed in episode 3 of the QL lesson 
(see Appendix K) in which Tyler asked students for a rationale for coming up with an algebraic 
equation to model the problem. Then in episode 4 of the same lesson, he wanted students to explore 
the meaning of the intercept.  
Comparison 
 
 The average score for the mathematics dimension is higher for the QL class (2.5 vs 1.7) 
and the difference is significant (p<0.05). The difference can be attributed to the fact that the QL 
lesson was more focused on making connections between procedures and concepts. Students spent 
significant time exploring ideas on their own and then presented their findings in the QL lesson.  
Dimension 2: Cognitive Demand 
Algebra 
In the algebra lesson students in Tyler’s class had an opportunity to reason that the solutions 
to the linear equation with two variables can be described as ordered pairs. Since there are infinitely 
many solutions, then one way to represent these solutions is to plot them on the Cartesian plane. 
Then it can be observed that these ordered pairs form a line that has a constant rate of change, or 
slope. In the observed lesson, students spent about ½ of the class time exploring one equation,   𝑥𝑥 +
𝑦𝑦 = 2. Students had time to explore the numerical solutions to the equation, but they were not 
directed to visualize this graphically. In turn, the instructor made this connection. The presentation 





Tyler embraced the collaborative work of his students and fostered productive struggle. 
This was observed in his QL class. Students were given sufficient time to explore one of the two 
problem situations in the lesson. The instructor provided support with productive struggle that 
allowed students to build their own understanding of mathematical tasks. Below is the excerpt that 
occurred in episode 1 (Appendix K) where Tyler approached one of the groups and facilitated 
discussion in the group: 
  Tyler:       Did you discuss the first question? 
             Gene:       I was confused, so I just moved on. 
  Tyler:      Did you ask others in your group? 
             Gene:       We are all confused. 
  Tyler:        Read the problem again. What is it asking you? 
             Gene:        Which payment option do you think is better for Edgar? 
Tyler:        Make a decision based on the presented information. If you were Edgar,                                                 
which option would you choose, flat rate or commission? 
             Gene:        Of course flat rate! Because I know I will get my money. 
             Tyler:        Alright, ok… Do you all agree? Can you justify your answer with quantitative 
                    information given?  
             Megan:     Well, $500 a week is not bad!! 
 Tyler:        Okay, okay… What about the 3% commission rate, what does it mean? 
 Megan:      I will get 3% of what I sell. 
             Gene:         3% is nothing! They should give Edgar better commission… 
             Tyler:        Great, this is what we will explore in this lesson. You can move on to next   
question 
Students were also asked to present their work on large Post-its, and Tyler offered informal 
extra credit to the group that completed the work first. This created productive competition with 
each group engaged in problem solving.  
 Tyler expected students to explain their reasoning. For instance, in episode 3 of the same 
lesson, a group presented a formula for the weekly flat rate salary plan. Tyler asked why there was 
a “0” in front of x in the formula. One student explained that the question was asking for a formula 




in this situation.  Brandon added that a graph of this situation is a line, which makes sense since 
there is no commission. 
Comparison 
The average score on the cognitive demand dimension was higher for the QL class (2.3 vs 
1.6) and the difference is significant (p<0.05). The difference can be attributed to the fact that 
students in Tyler’s QL class had a greater chance to explore ideas on their own. They were also 
expected to make connections and present their findings. The problem situation presented in the 
QL class presented greater opportunity to explore ideas than the problem in the EA lesson.  
 
Dimension 3: Access to Mathematical Content 
Algebra 
Tyler made it clear in the lesson that he expected everyone to participate. However, few 
students volunteered to answer questions. In episode 5 of the EA lesson (see Appendix J), Tyler 
introduced the Cartesian plane and asked students to plot points obtained through finding solutions 




There was greater degree of participation in the QL class. Members of each group were 
engaged in discussion of problems posed in the lesson. Students were also expected to come to the 
board and explain their findings. There was a mutual respect between students and instructor. 





The average score on the access to mathematical content dimension is higher in the QL 
class (2.6 vs 1.9) and the difference is significant (p<0.05). This can be attributed to higher 
engagement in the QL class. More students were willing to participate. In both classes Tyler 
expected student participation, but students in the EA class responded poorly to his effort to get 
them to participate.  
 
Dimension 4: Agency, Authority, and Identity 
Algebra 
Students in the observed EA lesson had a chance to explore the meaning of the solution to 
the linear equation with two variables. In episode 2 (see Appendix J), Tyler asked students to come 
up with ordered pairs that make an equation a true statement. In the next episode students had a 
chance to come to the board and explain how they came up with ordered pairs. Tyler invited 
students to participate and share their ideas, but he was not able to get many students involved. 
There was little discussion between students, and Tyler had to pull answers out of the students to 
get some participation.  
Quantitative Literacy 
Tyler organized his lesson to maximize student participation and reasoning. The lesson 
started with group work and, through questioning, the instructor tried to get students to analyze 
the situation presented.  During the first episode (see Appendix K) Tyler encouraged students to 
read the problem carefully and focus on quantitative information presented. In the second episode 
he asked students to describe their own examples of commission work. Students were able to 
engage in argument about the difference between bonus and commission work. By the end of this 




one makes, and it is often presented as a percent. In episode 3, Tyler presented an example of a 
large dealership selling cars and asked students to choose between flat rate and commission work 
in this scenario. In episode 4, Tyler invited students to discuss the meaning of the intersection point 
of two lines and what it meant in the context of the problem situation. Throughout the lesson 
students’ mathematical ideas were built through questioning and making connections. 
 
Comparison 
The average score on the agency, authority, and identity dimension is higher in the QL 
class (2.4 vs 1.81) and the difference is significant (p<0.05).  In the observed QL lesson, students 
appeared to be more engaged discussing problem situations with their peers. Also, Tyler 
encouraged students to make meaning of the solutions they were getting and to make connections 
across the lesson. In the EA lesson Tyler had a harder time encouraging student participation, and 
the instructor was the driver of the instruction for most of the lesson.  
Dimension 5: Use of Assessments 
Algebra 
The algebra lesson observed did not offer an opportunity for students to explore deeper 
connections. Most of the students’ work was around finding ordered pair solutions to one particular 
linear equation with two variables. Students did not have a chance to plot ordered pairs on their 
own and discover that points actually form a linear relationship. Tyler expected participation and 
asked students to come to the board. The focus later shifted to a mechanical process of finding a 
slope of a line. This can be seen in excerpt below: 
Tyler:   Did you label your points? 
Juan:   What do you mean? What do I need to label? 
Tyler:   Show me where your x1 and y1 are. 




Tyler:  Great question! [Addresses to the whole class] Listen up folks, it 
does not matter with what point you start, but make sure you are 
using the same subscript, x1 goes together with y1 and x2 goes 
together with y2. 
Juan:   Okay. I understand. Now what? 
Tyler:    Now you have to plug in the values into the slope formula. 
Juan:   [follows Tyler’s suggestion] 




In the lesson observed, the instructor took time to allow students to become acquainted 
with the first problem situation. He waited until every group finished creating its poster-size Post-
its and presented their work. After finishing the mechanical part of the lesson, he asked students 
to formulate the argument for commission work or flat rate salary. In episode 3 of the QL lesson, 
one group gave the convincing argument: “It depends. It might be one of those boutiques that no 
one goes to, so one week he might not be able to sell anything and he will go home with only $200. 
In this situation flat rate is better.” Tyler pointed out excellent work and this way gave ownership 
of deriving mathematical ideas to his students.  
 Comparison 
The average score on the uses of assessment dimension is higher in the QL class (2.4 vs 
1.69), and the difference is significant (p<0.05).  In the QL lesson, the instructor solicited student 
thinking and adjusted his lesson to respond to student ideas. The instruction was focused towards 
meaning-making, and students were expected to analyze their results. In the EA class, the lesson 
started with students analyzing the meaning of the solution to the linear equation with two 







After observing both lessons, there is an observed difference in the focus of instruction 
between the EA and QL classes. In the EA class, Tyler started with discussion on the meaning of 
the solution to the linear equation with two variables. Students had a chance to come up with a few 
ordered pairs and explain why the answers they got made sense. Later, instruction shifted with 
Tyler presenting the meaning of the Cartesian plane and describing the slope of the line. By the 
end of the lesson, Tyler introduced the formula for slope and asked students to practice applying 
it. Based on this, the algebra lesson can be identified in the middle of the content focused with 
emphasis on conceptual understanding and the content focused with emphasis on performance 
models of mathematics teaching. In the QL class it was observed that students were active learners. 
Tyler provided scaffolding, but students were the ones generating ideas. The lesson started with 
students coming up with equations for linear relationships presented in the problem and then 
making arguments comparing two linear models. Students were working in groups and productive 
struggle was observed. The QL lesson observed can be best classified as a learner focused model 
of teaching.  
Professed Goals and Orientations 
During the initial interview Tyler stated that developmental mathematics education gives 
students a second chance to learn the material that they did not pay attention to in middle school 




States students can start community college with very basic skills and move on to more advanced 
college-level work. Tyler believes that the students are still not mature enough to realize it, and 
thus he considers it is his responsibility to remind his students of this opportunity. Tyler’s goal is 
to help students realize their full potential and help students transition from a high school mentality 
to taking responsibility for their education. During both interviews Tyler made it clear that he aims 
to establish a classroom environment where students are accountable for their work.  
            Tyler stated that he starts each class with an ice-breaker, discussing current events for up 
to 10 minutes to create welcoming atmosphere. Then a short introduction to the topic is presented 
along with several examples. Tyler said that he comes up with his own examples.  
Tyler indicated that if students are not following the topic, he asks them to form groups to let them 
discuss the material and tackle the problem together. In the meantime, he walks around and listens 
to group discussions. If Tyler identifies a group which is following the right approach, he assists 
this group in arriving at the result. He then sends the members of this group to assist other students 
in the class.  
 He claims that he considers collaborative work to be an important component in his 
classroom. He states that by the third class meeting, he puts students into groups and asks them to 
select a leader who will be responsible for the group’s daily responsibilities, keep track of members 
who are absent and make sure that every member contributes to group discussions.  
 The value of group work was evident in the QL class observed and to a lesser extent, in the 
EA class. In both classes the instructor did not lecture the entire time and allowed students to 
experience mathematics first. He walked around and assisted students. There was more student 




covered, and they were expected to analyze and argue the results of the groups. The observed 
difference can be attributed to his views on the purpose of both courses. In the post interview, he 
stated the following: 
 
I think Quantitative Literacy is a better alternative to Algebra in terms of preparing 
students for a statistics course. It offers students examples from real life that deal 
with real data. It even has a lesson on probability, asking students to evaluate the 
probability of false-positive and false-negative test results… I think Algebra is 
more focused on rules. Students must master those rules to pass the final exam, 
while Quantitative Literacy is more about applications. In Algebra I need to lecture 
sometimes to show how a particular type of a problem is solved…while in 
Quantitative Literacy, I do not start with lecture.  Students begin to work together 
from the start of the lesson.  
  Tyler believes that students should be discovering mathematics for themselves. He believes 
that learning mathematics should be done through problem solving. He sees his role as a facilitator 
who stimulates learning by asking interesting questions and sparking students’ interest. His 
description is close to the learner focused model of mathematics teaching.   
            Tyler’s professed model of teaching correspond with the model of teaching 
observed in QL class, but different from the model observed in EA class. The figure 4.3 illustrates 
this.  
 









In the initial interview Tyler described various reasons students become disengaged in 
class. Some reasons are personal such as issues at home and work as well as financial troubles. 
Others are extensive sources of distraction, such as their smartphones and constant need to check 
social networks. He stated that students naturally like to talk to each other: “The challenge is 
directing these conversations towards the problems discussed in class.” “Sometimes the instructor 
has to inject personal experiences into the discussion to make lesson more interesting”, he stated.  
In the QL class observed, Tyler’s students were genuinely interested in the topic and actively 
participated. He asked students to provide relevant examples. Tyler supplemented the discussion 
with his own examples as well. For instance in the QL lesson, he asked students to consider 
working for a large car dealership and consider whether they would choose a commission or flat 
rate salary.   
In the end of the study interview, Tyler mentioned that students get a grade for 
participation. If student is constantly distracted and who is not engaged in classwork has points 
deducted from the participation grade. Tyler stated the following: “If you are in my class, then you 
must participate. In the first class I give them chance to express themselves, tell me their past 
experiences and their educational goals. During that class I do not teach; I ask them to talk to me, 
so they get comfortable with participating in the class.”  In the QL class, Tyler stopped the lesson 
when he noticed one student was not paying attention. He asked her to move to another group and 
focus. Discipline and mutual respect was observed in both classes. In the EA class observed there 
was student participation and class appeared to be quiet, but students still took notes and responded 
to questions.  
In the end of the study interview Tyler also mentioned that he tries to promote collaborative 




class. He attributes the poor attendance to the fact that many of the students in his algebra class 
has had a negative experience with such classes in the past. They realize that they will be covering 
the same topics and the focus will be on the final exam. As result, they are not motivated to attend.  
In the QL class, they have a chance to experience something different. It is also more engaging for 
students to discuss something that is more relevant than, for instance, factoring. Tyler mentioned 
that during the first few weeks of the semester it is important to explain students the rationale of 
the pedagogy employed in the QL class. He stated: “Some students during the first week of QL 
express concern that they paid their tuition and they expect that you teach them. They come hard 
on you. You have to explain to these students that QL is about collaborative work, discovery of 
mathematics for themselves and productive struggle. You have to repeat it again and again.”  
His experience teaching QL further confirmed the importance of collaboration. Tyler 
believes that the QL class teaches students to be more independent learners and depend less on the 
instructor. This is an essential skill to be successful in their academic and personal lives.  Table 
4.6 summarizes the relationship between Tyler’s professed beliefs and his enacted practices 
Table 4.6 




Elementary Algebra Quantitative Literacy 
Teaching 
and learning 
• Learner focused  • Mostly teacher-
centered 
• Between content 
focused with emphasis 
on conceptual 
understanding and 




• Learner focused 
Nature of 
mathematics 
Problem solving view Instrumentalist view  Problem solving view  
curriculum • Instructor covers EA 
curriculum in a 
• Five examples covering 
two related topics 
were covered. 
• Instructor prepared 
notes based on the 




sequence that is 
logical to him 
• Examples are 
carefully chosen to 
cover all possible 
problem types 
• Instructor prepares 
his own examples 
• EA curriculum is 
focused on rules and 
procedures. It is 
more extensive.  
• QL curriculum is 
more focused on 
real data, more 
appropriate for 
statistics course 
Examples were of 
relatively the same 
complexity 
Students  • Students must be 
accountable for their 
work 
• Group work is a 
valuable avenue to 
explore ideas 
• Selects leaders to 
ensure productive 
group work 
• Instructor is a 
facilitator   
• Students are easily 
distracted; material 
covered must be 
engaging 




• Poor student 
attendance and 
engagement in 
algebra due to past 
negative 
experiences 
• Students had few 
opportunities for sense 
making 
• Instructor knew all the 
names of his students 
• Transitions in modes 
of instruction 
• Few students were 
invited to present 
• Few examples were 
given 
• Emphasized the 
importance of formula 
• Informal extra credit 
for participation  
• Few students 
participated 
• Students’ answers 
were acknowledged 
but no opportunities 
to make deeper 
connections 
• Instructor made 
important connections 
• Students were engaged 
in sense making 
• Students were expected 
to explain their 
reasoning 
• Instructor knew all the 
names of his students 
• Group work (1/2 of 
instructional time) 
• Groups worked at a 
different pace 
• Sharing of ideas 
between students 
• Students presented their 
results using Poster-
sized Post-it Notes  
• Students were engaged 
in productive struggle 
with instructor 
facilitating discussions 






The Case of Julie 
Background 
Julie is an adjunct faculty member in the mathematics department. She has worked at UCC 
for six years, teaching only developmental arithmetic and algebra courses. Simultaneously, she 
has taught at another community college teaching college-level algebra and statistics. Julie holds 
a master’s degree in pure mathematics from an Eastern European University. Julie also has a state 
certification to teach high school mathematics.  
As part of her degree program, Julie took a year-long course that covered pedagogy, and it 
included preparation of and teaching several mathematics lessons at a local high school. She also 
tutored freshman students in her last year at her university.   
 She has not received formal training to teach at UCC. She believes that the best support 
comes from her own experiences. She states: 
I always get ideas from other colleagues of mine. I think it is very productive. But 
most of it was just me teaching. I had to use my inside resources, because no matter 
how much you take from outside you have to put that through yourself in order to 
apply yourself directly to teaching. You cannot just borrow things from other 
people; you need to experience it  
She participated in two one-day workshops offered by UCC’s mathematics department. 
The workshop focused on pedagogical practices and classroom management. Julie also had 
experience teaching a specialized course at another community college that covered an algebra 
curriculum through the use of group projects. She describes that the program was not implemented 
correctly: there was too much focus on projects, which did not adequately prepare students to 
master the content. Like other study participants, Julie was interviewed prior to the start of the QL 
training, and she was also interviewed after the Fall 2015 semester ended. She taught a section of 
QL from 2pm -3:40 pm on Mondays and Wednesdays and a section of EA from 5:35 to 7:10pm 




Class Observations Overview 
Elementary Algebra: Solving Linear Equations in One Variable 
The lesson was taught during the fifth week of the Fall 2015 semester at UCC and covered 
the standard techniques of solving linear equations in one variable. The lesson prior to it covered 
operations with algebraic expressions. The lesson that followed it involved solving linear 
inequalities in one variable. The lesson had the following learning objectives:  
• Check the solution to an equation by substitution. 
• Use the addition property of equality to solve an equation. 
• Use the multiplication property of equality to solve an equation. 
• Solve a linear equation in one variable. 
 
Julie had handwritten notes that contained definitions of terms presented in the lesson as 
well as several examples. During the class she used the notes to write some definitions, but she 
came up with different examples during the lesson. She also wrote supplementary notes on how to 
solve linear equations on the board. The lesson outline and detailed description of the lesson are 
included in Appendix M.  
The class was conducted in a regular classroom with long desks. There were 18 students 
present at the beginning of the class. Students were spread out in such a way that at least one empty 
seat was between any two students. Two students came about 10 minutes late, one came 30 minutes 









Quantitative Literacy Lesson: Linear equations in one variable 
 The lesson was taught during the twelfth week of the Fall 2015 semester. This was the 
fourth lesson in the third module of the curriculum7. The lesson was designed to introduce the 
general concept of solving equations in one variable. The contextual framework of the lesson was 
blood alcohol content, and the lesson was presented through introduction of the simplified formula 
(called the Widmark equation) that is used to estimate alcohol content in a person’s blood. The 
formula had four variables, and students were asked to argue if the presence of these variables 
made sense as well as how values representing these variables could affect a person’s blood alcohol 
content. Students were then asked to consider a case where three out of four variables were given, 
and this simplified the formula into a linear function. Then students were led to interpolate the 
value of an independent variable and find the particular value of it when the blood alcohol content 
was below the legal value to drive a car. The last part introduced students to solving linear 
equations. They were advised to think of solving an equation as undoing its operations. This was 
the first time in the curriculum where this particular algebraic task was introduced. The lesson is 
included in Appendix O. The detailed description of Julie’s teaching of the lesson is included in 
Appendix N. 
The lesson had the following objectives:  
Students will understand that 
• addition/subtraction and multiplication/division are inverse operations.  
• solving for a variable includes isolating it by “undoing” the actions to it. 
Students will be able to 
• solve for a variable in a linear equation. 
• explicitly write out the order of operations to evaluate a given equation. 
                                                      




Julie had a copy of her instructor notes. In the end-of-the-study interview, Julie mentioned 
that she reads her instructor notes carefully before teaching every lesson. During the class she used 
both the instructor notes and the student workbook.  
The setting for the lesson was a regular classroom with individual student desks. Students 
were seated in small groups of 3 to 4 people facing one another. There were 3 well-defined groups 
as well as 4 students who sat by themselves, two in front of the classroom and two at the back of 
the classroom.  At the beginning of the lesson there were 16 students present. Then 2 more students 
came about 15 minutes late. By the end of the class, there were 12 female and 6 male students 
present.  
Lessons Analysis and Comparison across Five Dimensions 
Modes of Instruction 
 Teacher exposition and whole class discussions dominated both lessons observed. Group 
work was not observed in the EA class. Students worked in groups in the QL class for about 35 
minutes (about 2/5 of the class time), but the group work was constantly interrupted by Julie 
reinforcing what needed to be done and providing hints. Students in the EA class appeared to be 
quiet. Students participated only when they were asked questions, and their responses were mostly 
brief. On the contrary, the QL classroom was livelier; students interacted with one another and 
called out answers. Their responses tended to be brief, and the instructor provided extensive 
scaffolding to assist them. Students had little chance to discuss the problems on their own. 
TRU Math Rubric Summary of Scores 
  Both lessons were coded by the researcher into episodes and analyzed using the 
researcher’s adaptation of the TRU math rubric discussed in the methodology chapter. Table 4.4 




statistical significance in difference between means is also included. The detailed description of 
each episode (which includes duration, mode of instruction, summary, TRU math score and its 
rational) can be found in Appendix M for the EA class and in Appendix N for the QL class. 
Table 4.7 
Mean scores on five dimensions of the TRU Math Rubric for the Elementary Algebra and 
Quantitative Literacy lessons taught by Julie  
    














(SD = 0.24) 
1.5 
(SD = 0.41) 
1.92 
(SD = 0.35) 
1.57 
(SD = 0.53) 
1.29 




(SD = 0.22) 
1.6 
(SD = 0.22) 
1.8 
(SD = 0.27) 
1.4 
(SD = 0.42) 
1.6 





p > 0.05 p > 0.05 p > 0.05 p > 0.05 p > 0.05 
 
Lesson Comparison across Dimensions 
Dimension 1: Mathematics 
Algebra 
 Julie started the algebra lesson by making a distinction between evaluating algebraic 
expressions and solving equations. She put an emphasis on terminology that students had a hard 
time following. In the excerpt below Julie makes a distinction between pre-algebra and algebra:  
Julie:  Do you remember the type of problems we covered last class? 
[writes an example: find the value of 2𝑥𝑥 − 5 𝑤𝑤ℎ𝑒𝑒𝑒𝑒 𝑥𝑥 = 3]. What 
does it mean? Instead of x, we substitute…what? 
Several students: 3 
Julie:   Yes, 3! Jamie, what if instead of 3, I put 5? Can I do that? 
Jamie:  Yes, sure. 
                                                      
8 Each dimension is assigned a score from 1 to 3 with 0.5 increments for each episode. A higher score indicates a 




Julie:                Exactly. If I want I can put 5, 7 or any other number. Ralda, x can 
take .. what? [Ralda does not answer] Yes, it can take any number. 
This is what we did the other class. You see when you do operations 
with numbers it is called what? 
Ralda:   Math? 
Julie:               Yes, but what type of math? [Students are silent]. It is called pre-                           
algebra.  But when you introduce a variable, it is called what? 
Anthony:  Algebra? 
Julie:  Yes, algebra. In this chapter of the book, we are transitioning to 
algebra.  
Julie then used various terms such as 1st order equation, equation in 1 dimension, linear 
equation, equation with a variable raised to the first power. These terms are appropriate when 
describing linear equations, but these terms can be confusing to developmental students. Using 
various terms is useful when making connections across topics, but since this was the first time 
these students were exposed to equations, this might not have been appropriate. Students appeared 
to be quiet. They did not answer the instructor’s constant questioning, and they did not ask 
questions themselves.  
Julie’s focus on terminology was apparent over the course of the entire lesson. In episode 
2, she introduced a relatively simple equation, x+3=5, and at the same time asked if the solution 
to it was unique, infinite, or nonexistent. In episode 3, Julie introduced the term “inverse” when 
solving the equation 2x=3. Below is the excerpt of a discussion between Julie and her students on 
how to solve this equation.  
Julie:                   Let’s go back to our equation: 2x=3. This method is what you           
actually  use. What was the opposite of addition? 
Several students: Subtraction 
Julie:   What is the opposite of subtraction? 
Several students: Addition 
Julie:                    Now, what do we have here [pointing to the term 2x]? It is       
multiplication. What is the opposite of multiplication? 
Several students: Division 
Julie:                   That’s right! Division. We are dividing here. What do we need to 
get rid of here? 




Julie:                  No, we need to get x alone. So we need to get rid of 2. So we 
divide both sides by 2.  
Later in episode 5, she explained the difference between a/0 and 0/a. During the lesson she 
mentioned the importance of solving certain examples because they were very likely to appear on 
the final uniform assessment. This statement made students focus and pay attention.  
 
Quantitative Literacy 
Julie started the lesson with a short lecture resembling her algebra lesson. She started the 
lesson with the same example, x+3=5, and proceeded to explain the steps of how to solve linear 
equations. She presented the material in the whole discussion format, asking students to call out 
steps. The pacing was quick. Several students stated that they were familiar with this topic from 
the math classes they took in the past.  
Then Julie quickly mentioned that when you have two variables, solutions can be 
visualized as points. These points form a line and every line has the form 𝑦𝑦 = 𝑚𝑚𝑥𝑥 + 𝑏𝑏 where the 
number in front of x represents a slope. If this number is positive, then the line will go up, and if 
number is negative, then the line will go down. This was not the objective of the lesson, but a 
future lesson discusses the simplified form of the blood alcohol equation as a linear equation with 
time being the dependent variable. The slope is the rate at which the body breaks down alcohol. 
Students were not expected to make this connection during the lesson that was observed. In 
addition, Julie emphasized the difference between evaluating algebraic expressions and solving 
equations. Here she made the reference to the final uniform assessment as well.  
Comparison 
The average score for the mathematics dimension is higher for the EA class (1.86 vs. 1.6) 




procedures. Julie made various connections between terms for the students, but in both lessons 
there was little opportunity for students to engage with mathematical ideas. The QL lesson was 
designed for students to explore the idea that solving an equation means undoing operations. The 
lesson started with Julie’s direct presentation of this concept without the exploration component.  
Dimension 2: Cognitive Demand 
Algebra 
Julie presented various examples of linear equations to solve, including the types that result 
in no solutions or infinitely many solutions. The examples were covered in a similar way: Julie 
wrote a problem on the board and immediately asked how to proceed. A few students gave brief 
responses, and Julie led the process. The example below is an excerpt of Julie demonstrating the 
solution to −3𝑥𝑥 + 6 = −5: 
Julie:         Where do you start? 
  Kamila:     You first subtract 6 from both sides. 
  Julie:          Yes, subtract 6. But I am little confused, do you just subtract 6? 
  Kamila:     No, you also bring -3x down. 
  Julie:         Okay, good! And what do you get on the right?  
  Kamila:     You get 1. 
  Julie:          Do you guys agree?  
  Several students: No 
Julie:          Remember, if you are confused, you can write subtraction horizontally.           
So what do you get? 
  Several students: You get -11.  
  Julie:         Are we done?  
  Several students: No. 
  Julie:        Put your variable in some circle or rectangle to remember that you are 
solving for it. So what do you do next, Kamila? 
  Kamila:     Divide by 3. 
 
Two students came to the board to show their work during the lesson. They were not asked 
to explain their solutions. The examples resulted in true and false statements, and Julie made 






The QL class started with Julie giving direct instruction on how to solve linear equations 
with three routine examples. Later, Julie made references to these routine examples to help students 
make connections with the problems presented in the lesson. In episode 4 of the QL lesson, 
students had the opportunity to explore the conceptual richness of finding a solution to the 
contextualized linear equation. It was observed that two students in one group were discussing the 
way to find the time when blood alcohol level (BAC) reaches the legal limit. By observing that in 
a previous problem the BAC decreased from a value higher than 0.08 to a value lower than 0.08 
in between 1 and 2 hours, one student argued that it would reach 0.08 sometime between 1 and 2 
hours. His partner suggested that it would happen at 1.5 hours. Both students agreed. Student 
shared this idea with instructor, Julie acknowledged the method, but asked to think of the algebraic 
solution. This idea was not explored later. Other groups were struggling with this question. Julie 
explained that this problem could be solved using an equation, solving this equation will give exact 
time when alcohol level reaches 0.08. She wrote on the board: 
0.08 = −0.015𝑡𝑡 + 0.104 
 
Then Julie told the students to remember the steps for solving linear equations that they 
discussed at the beginning of the class. Julie resumed helping groups. She kept reminding students 
that solving equations means isolating the variable. She helped every group extensively with every 
step to find a solution.  
The following excerpt describes how Julie assisted one of the groups: 
Julie:               [approaching one of the groups] How are you guys doing here? 
Do you know what to do? 




Julie:               We can solve it exactly the same way as we solved the equation at 
the beginning of the lesson. What can we do first? 
Group members: Divide ? 
Julie:   Divide by what? 
Carlos:            0.015 
Julie: If we divide by -0.0125 then we would need to divide 0.104 by it as 
well. Remember, what are we solving for? 
Group members: t 
Julie:  Yes, of course. We need to get t by itself. So first step you so is 
subtract 0.104 from both sides. We get  −0.024 = −0.015𝑡𝑡. Write 
it down. Now what? 
Carlos:            Divide by t? 
Julie:              Okay. We are looking for t, so we want to get rid of -0.015. So how 
can we do that? 
Vanessa:        Add 0.015 
Julie:             No. -0.015 is multiplied by t, since it is written next to t. what is the 
opposition of multiplication? 
Group members: Division 
Julie:               Yes, very good. We divide by -0.015, write it down, on both sides. 
Carlos, what do we get? 
Carlos:            1.6 
  
Comparison 
The average rating on cognitive demand dimensions is relatively the same for both classes 
observed (1.5 for EA and 1.6 for QL). In both classes the focus is on procedures, with Julie giving 
explicit steps or providing direct hints. For the most part, students were not given time to attempt 
problems on their own. In both lessons students worked on routine examples. Even in the QL class 
that was designed for productive struggle, Julie provided a short lecture demonstrating the steps 
for solving linear equations.  
 
Dimension 3: Access to Mathematical Content 
Algebra 
It was evident that Julie tried to get as many students involved as possible. She called 




instances when Julie asked students to come to the board. Students seemed to be attentive, and 
they were taking notes. There were few students calling out the answers, and, at times, Julie had 
to pull the answers from the students by making her questions very specific. The excerpt below 
happened in episode 5 when students were asked to solve a linear equation                                                   
−2(𝑥𝑥 − 1) = −2𝑥𝑥 + 3: 
Julie:  What do you think needs to be done here? How do you start 
[points to the equation]? 
Several students: We need to multiply 
Julie:   Multiply what? By what? Be specific 
Daniel:             2 times…2 times -1 
Julie: Excellent Daniel! You mean to say -2, right? [Daniel confirms]. 
Does anyone know the name of the property we are using? 
Two students: Distributive?  
Julie:  That’s right! Very good guys, you are very smart. This is a very 
important property, we must distribute -2 to x and -1. Okay, so we 
get  −2𝑥𝑥 + 2 = −2𝑥𝑥 + 3. Then what? [Students are puzzled]. 
Come on guys! What can you do to get x by itself? Can we start 
with -2x, what can we do it?  
Shaun:              Add 2x 
Julie:  Yes, very good! Add 2x to both sides. Okay, we get 2=3. This is 
interesting! What does it mean? 
Several students: We get many solutions 
Julie:                Hmm. This result is different from the one before. Here we get 
false statement. False stamen means that we have no solutions.  
  
Quantitative Literacy 
 Julie tried to get all students to participate in the QL class. She called students by name 
when directing questions to specific students. Several students were calling out answers during the 
whole class discussions. She expected responses from her students as demonstrated in the 
following excerpt from episode 2 of the lesson:  
 
Julie:  Look at the formula guys, what do you see right after the equal  
sign? 




                        Julie:    Right negative! What if it had positive sign, would it mean the 
same thing? 
  Leo:   No, it is not going to be the same thing.  
Julie:  It makes sense; remember we said earlier, negative sign means 
that it will go down. If you drink, your blood alcohol content will 
go up, then as time goes by it will go down. Now let’s look at the 
right side of the equation. Why is “N” there? Why is “g” there? 
            Another student: N is number of people?  
Julie:  It is the number of drinks, you see it needs to be at least 1. If it is 0 
why would you take the test? Now why is “t” there? 
                       Another student: Number of hours 
Julie:  That’s right; it needs to be positive. If it is negative, we cannot go 
down in time. Now why are “W” and “g” there? 
  Leo:   It is a weight.  
  Julie:   Okay, tell me more. If person weights more or less… 
  Leo:   Metabolism is different. Some process alcohol fast.  
  Julie:   Okay, yes, weight is important. What about “g”?  
  Laura:   Men can drink more. 
Julie:  Yes, you have to be careful when using this equation, All variables 
are important here. Okay now I want you to start computing, go on 
to the next problem and work together.  
 
There were some instances when discussion among some students went off the topic. This 
occurred during the time when Julie was helping other students in the groups.  
Comparison 
The difference in average scores on the access to mathematical content dimension was also 
not significant (1.92 for EA and 1.8 for QL, p>0.05). In both lessons Julie tried to get the whole 
class involved. She knew students’ names, and she walked around to check on their progress. Most 
of the class time was spent on whole class discussion and, therefore, there were few instances of 
Julie addressing efforts of individual students.  
Dimension 4: Agency, Authority, and Identity 
Algebra 
In the algebra lesson Julie attempted to make connections between important mathematical 




came directly from the instructor. Student responses were short and often incorrect. Julie corrected 
the errors and proceeded with showing a correct solution. Below is an excerpt from episode 6 
where Julie is going over the solution to the equation −2(𝑥𝑥 − 1) − 𝑥𝑥 = 5𝑥𝑥 − 8𝑥𝑥 + 3 − 5.  
Julie:  You can simplify this problem right from the beginning. For 
example, look at the right side; how can you simplify it? Jenna, tell 
me; stop writing darling and tell me, what can you do on the right 
side? What is 5x-8x? 
  Jenna:   -3x  
  Julie:   Gorgeous! Right. How about 3-5, Dale? 
  Dale:   -2 
  Julie:   Right, excellent! Hanna, what do I do with the other side, tell me.  
  Hanna:  We multiply -2 times x. 
Julie:  Then what? [Hanna is puzzled] Then you multiply -2 time -1. What 
is negative times negative? Remember on the final assessment they 
will have many questions where you would need to deal with signs, 
so it is very important. So Hanna, tell me, come on. 
  Hanna:   2 –x = 5x … 
  Julie:   We already simplified, make it shorter 
  Hanna:   Oh yeah…= -3x-2 




Students appeared to be engaged, especially during the group work. They asked each other 
questions and participated. The instructor was leading the discussion and provided extensive 
support. Even though Julie asked a lot of questions, students rarely had time to formulate their 
answers. At times, questions were beyond the level that students could handle. For instance, in 
episode 1, Julie started to talk about the slope-intercept form of linear equation, a topic that was 
not directly related to the lesson covered and a topic that was not discussed yet. In the same episode 
students were asked to think about various variables in the Widmark equation and the reason they 
are there. Prior to this episode students did not have a chance to discuss the Widmark equation 







The average rating for the agency, authority, and identity dimension was relatively the 
same for both classes as well (1.57 for EA and 1.4 for QL, p > 0.05). In both lessons, Julie was the 
generator of ideas. Students did not have a chance to explain their thinking. They were not given 
adequate time to discuss questions. There was some group work in the QL lesson, but this work 
was not shared with the whole class. In other words, students were not given ownership of their 
ideas.  
Dimension 5: Use of Assessments 
Algebra 
In the lesson that was observed, Julie asked for the students’ feedback. However, students’ 
responses appeared to be passive. The instructor did not build her explanation from these 
responses, but rather provided corrective feedback.  
Quantitative Literacy 
Even though the QL lesson had more discussions and participation, the instructor did not 
ask groups to share their reasoning. She pulled the class together for every problem and made sure 
that every question was solved correctly, demonstrating steps for all the problems.  
Comparison 
The average score for the uses of assessment dimension was higher for the QL class (1.6 
vs 1.28), but the difference was insignificant (p>0.05). The slightly higher score for QL could be 




4 of the QL lesson, Julie walked around listening to group discussion and providing feedback based 
on what students were struggling with. 
Enacted Practices 
In both lessons Julie valued the precision and completeness of her explanation. She made 
sure that she presented enough examples to cover the content of both lessons. The collaborative 
work was limited, and the majority of discussion was centered on whole class discussion with Julie 
leading and directing the work of the class.  
 Both lessons that were observed can be best classified as matching the content focused with 
emphasis on performance model of teaching. In both lessons the instructor demonstrated, 
explained, and defined the material, presenting it in an expository style. The instructor used 
rigorous terminology, and rules were emphasized. Julie mentioned the importance of certain 
problems on the uniform final assessment in both classes as a motivation for students to learn the 
material.  
Professed Goals and Orientations 
As with other participants of the study, Julie was interviewed twice. She described her 
typical lesson starting with writing lesson objectives on the board. She asks students to listen 
carefully without taking notes to understand the goals of the lesson. She asks students if set 
objectives are achievable and reasonable. She uses the term “inductive learning” to describe the 




for helping students deepen their understanding of content and develop their inference and 
evidence-gathering through grouping bits of information in order to find patterns and formulate 
and test hypotheses related to content (Silver, 2012). She describes her teaching style: 
I use inductive learning—they are the teachers too in the class. I ask, I explain, and then I 
ask them to anticipate what is next. I build their confidence during the first part of the 
class; for thirty minutes they need to know they can do it. Once they are confident, they 
come to the board. I finish the class with general review. Also, at the end of every lesson 
I connect other topics from previous lessons. I think it is crucial to highlight these 
connections during the entire semester. I want them first to be able to recognize the type 
of problems they are dealing with.  
 
She stated that students must master content covered by constantly practicing the learned 
material and applying it to new topics. She believes that in algebra topics are connected, and it is 
important to master earlier content to do well in the course. Her views are closely related to the 
content focused with emphasis on conceptual understanding model of math teaching. Figure 4.4 
illustrates Julie’s observed and professed models of math teaching.  










Julie also stated that she tries to get as many students as possible to participate in the 
work of her class. She calls students by name and asks random students to participate even if 
they are avoiding eye contact. Julie also claimed that she let students work on problems 
individually or in groups first before going over them in class discussion. She believes that 
students need to put themselves in a problem, internalize it, and struggle sometimes to solve it. 
Julie described that students in her algebra classes generally refuse to work in groups. The 
interaction between students is generally initiated if a student asks a question or when they are 
placed in groups and they are expected to interact. Some of these claims were not visible during 
the observed lessons. Julie tried to get many students involved, but she did not leave time for 
students to internalize or struggle through most of the problems.  
In the initial interview she stated that she believes that students learn better when they do 
not overanalyze the material and stay focused on task. In her opinion, developmental students 
already possess the knowledge, but they are having a difficult time applying it or are simply not 
motivated enough. Some students consider mathematics to be difficult, a perception that comes 
from previous experiences. Julie believes that perseverance, motivation and some effort can 
dissolve this misconception.   
In the post interview Julie mentioned that algebra has harder mathematical objectives 
than the QL course, but conceptually the QL is harder since it requires students to apply 




I feel the QL course is easier for students who are self-motivated, who want to be 
independent with little help from the instructor. If students expect that someone 
will explain them everything all the time, then this course is not for them. The 
problem in US education is that students are not motivated enough.  
 
 In the end-of-the-study interview, she stated that algebra students do not participate and 
they can stay silent for the entire class. This is the reason, she claims, for applying inductive 
reasoning—to prevent her students from becoming passive learners. She stated the following: 
 
I give them time [in algebra class] to work with a classmate, come to the board, 
and answer questions. When I teach something new, I stop very often and ask 
them to explain what the next step is. This is my inductive learning, my active 
learning. I ask them to come to the board at the end of the lesson and ask them to 
do new problems.  
 
Students who were observed in algebra class were quiet, and Julie stopped often to ask 
questions, but it was not observed that students worked independently or with classmates before 
going over particular problems. During the post interview she stated that the algebra curriculum 
is extensive and that it is her job to cover the content thoroughly, from basic questions to more 
complex. As a result, she stated, there is not enough time for students to “struggle” and 
oftentimes she covers the material together with students in a whole class discussion. 
In the QL class she does not believe that students should struggle if they are completely 
clueless. She believes that she needs to intervene and explain certain topics to them. She gave an 
example of a slope of a line and plotting points on a coordinate plane. She clarified that such 
intervention must be brief, so that students can still “struggle.” Since the QL curriculum is not as 
extensive, students have the opportunity to work together and arrive at the answer with minimal 
support. In the QL class observed, Julie gave extensive and lengthy introductions followed by 




steps to solve those problems.  Table 4.8 summarizes the relationship between Julie’s professed 
beliefs and her enacted practices. 
Table 4.8 




Elementary Algebra Quantitative Literacy 
Teaching 
and learning 
• Importance of 
lesson’s objectives 
• “Inductive learning” 
• Content focused 
with emphasis on 
conceptual 
understanding 
• Content focused with 
emphasis on 
performance 
• Importance of mastery 
of rules and procedures 
for final assessment 
 
• Content focused with 
emphasis on 
performance 
• Importance of mastery of 





EA curriculum has 
• Harder learning 
objectives 
• Does not promote 
group work and 
engagement 




The instrumentalist view The instrumentalist view 
Curriculum • Instructor’s manual 
is important in 
preparing to teach 
QL lessons 
• Instructor used prepared 
examples and made her 
own during class 
• Instruction did not follow 
suggestions given by the 
instructor’s manual  
Students  • Students discover 
mathematics 
• Encourage all 
students to engage 
in class discussions 
• Students need to be 
given time to 
internalize the 
content 
• Students already 
have the knowledge 
but they cannot 
apply it 
• Students lack 
motivation due to 
• Stressed importance of  
terminology 





• Limited student 
participation 
• Few, brief student 
responses to questions 
• Instructor stressed the 
importance of mastering 
content needed for final 
assessment  





• Some student 
engagement 
• Few students called out 
answers 
• Brief student responses 
• Low student engagement 
in sense making 
• Some student exploration 





experiences in math 
• Students should not 
be left to struggle if 
they are completely 
clueless 
• Low student 
engagement in sense 
making 
• Use of IRE sequence 
• Some student 
presentation at the 
board; no student 
explanation 
• Instructor made 
connections 
• Students’ feedback did 
not influence the flow of 
the lesson 
• Repetition of steps and 
procedures 
• Extensive instructor’s 
help during group work 
• Little opportunity for 
students to formulate 
complete responses 
• Students’ feedback did 
not influence the flow of 
the lesson 
























The purpose of this study is to investigate the alignment between community college 
instructors’ beliefs about teaching, learning, the nature of mathematics, and curriculum on their 
enacted practices in two different developmental mathematics courses at a large urban community 
college (UCC).  One is a standard developmental algebra curriculum and the other curriculum is 
adopted from the Carnegie Foundation’s Quantitative Literacy (QL) pathways program called 
Quantway® (Merseth, 2011). In addition, this study analyzes the differences in enacted practices 
between the two developmental mathematics curricula.  
This study employed a multiple case study methodology. Ten instructors were invited to 
participate in the study. Each of these potential subjects would be teaching their first section of QL 
as well as a section of EA in the Fall 2015 semester.  All invited participants were trained to teach 
the QL course prior to teaching it. During the training the instructors were informed about the 
intended design of the curriculum which consists of problems and situations that are meant to 
improve numeracy through collaborative work and is underpinned by the constructivist theory of 
learning. Six instructors agreed to participate and four instructors (James, Kevin, Taylor and Julie) 
were chosen. These cases provided enough empirical grounding to formulate the emergent theory. 
A short description of the omitted cases are given in Appendix Q. 
In this research, data were collected through semi-structured interviews, field notes, and 
observed classroom practices to allow for triangulation of data sources. The interviews allowed 
formulation of each instructor’s professed beliefs about teaching and learning, the nature of 
mathematics, curriculum, and students. The enacted practices were collected from one lesson 




class.  The collected data were analyzed to determine the alignment between professed beliefs and 
enacted practices of the four instructors in this study.  
In addition to determining the alignment between beliefs and instructional practices, the 
observations of each instructor’s EA and QL lessons were compared using the Teaching for Robust 
Understanding in Mathematics (TRU) framework (Schoenfeld, 2014, 2015). The lessons were 
analyzed based on five dimensions that describe powerful classroom practices: the extent to which 
students are engaged with mathematics sense making, the levels of cognitive demand, the amount 
of access to all students regarding participation in class discussions, the extent to which students 
can explain their ideas and reasoning, and how the instructor uses students’ ideas to shape 
instruction.  
Conclusions 
Research Questions 1 
1. What is the relationship between faculty members’ professed beliefs of teaching 
developmental mathematics and enacted classroom practices? How does that relationship 
differ across different curricula? 
 
Each instructor’s beliefs about teaching and learning are characterized in this study according 
to Kuhs and Ball’s (1986) proposed models of teaching mathematics: learner-focused, content-
focused with an emphasis on conceptual understanding, content-focused with an emphasis on 
performance, and classroom-focused.  The instructors’ beliefs about the nature of mathematics are 
characterized in this study based on the teachers’ implicitly held philosophies described by Earnest 





Beliefs about students were characterized based on the following guiding questions: 
• To what extent students are engaged in sense making? 
• What is the value of productive struggle in the developmental mathematics classroom? 
• What is the role of collaborative work? 
• What is the extent of student participation in class? Do all student participate? Should 
students explain their own reasoning? 
• Should classroom instruction be influenced by students’ responses?  
 
Some degree of alignment between the professed beliefs and enacted practices was 
identified in all but one instructor in this study. Table 5.1 provides summary of the alignment 
between professed beliefs about teaching and learning and enacted practices of instructors in this 
study.                                                         
Table 5.1 
Alignment between Professed Beliefs about teaching and learning and enacted practices 
Instructor Professed Beliefs 





Enacted Practices:  
Quantitative Literacy 
James Content-focused with an 
emphasis on performance 
 
Content-focused with an 
emphasis on performance 
Content-focused with an 




Kevin Content-focused with an 
emphasis on conceptual 
understanding 
 
Content-focused with an 
emphasis on conceptual 
understanding 
Content-focused with an 
emphasis on conceptual 
understanding 
Tyler  Learner-focused Content-focused with an 





Julie Content-focused with an 
emphasis on conceptual 
understanding 
 
Content-focused with an 
emphasis on performance 
 
Content-focused with an 





For the three instructors for whom alignment was identified, their professed belief about 
teaching and learning were distinct. James professed that his teaching is centered on students’ 
mastering of learning objectives through practicing a specific method or technique multiple times 
until it is learned. Kevin considers that each mathematical procedure is grounded in theory and 
that there is a natural connection between various topics across the curriculum. Tyler professed his 
belief that students should be discovering mathematics and making their own conjectures. These 
instructor’s beliefs about teaching and learning manifested themselves in practice in at least one 
of the courses.  
The alignment was also identified between professed belief about students and enacted 
practices for the same three instructors. James expressed his belief that students should be 
encouraged to participate and collaborate with their peers. He also said that students should also 
be mathematically supported through demonstration of procedures to help master a new skill. 
Kevin stated that in the developmental classroom the balance between instructor’s presentation 
and whole-class discovery is desirable. All students should be given opportunities to participate, 
and students’ contributions should be recognized. Kevin does not believe in enforcing any 
particular classroom arrangement. Their enacted practices were in alignment for both courses. 
Tyler’s professed belief about students is more aligned with enacted practices observed in his QL 
class and less aligned with enacted practices in his EA class. Tyler expressed a belief that students 
must be accountable for their work and since they can be easily distracted, he sees his role as 
engaging students by making his presentation interesting.  Furthermore, he believes in making 
presented examples relevant. He considers group work to be an essential component for exploring 
ideas. His enacted practices in QL demonstrated that he values collaborative learning. Students 




classmates. Tyler facilitated discussions in groups and tied ideas together with students during 
whole-class discussion.  
 
Influence of Curriculum  
 As described in the literature review chapter, curriculum influences teaching practices 
(Ernest, 1988; Thompson, 1992). Specifically, curriculum design interacts directly with 
instructor’s beliefs about teaching and learning, the nature of mathematics, and students. This 
interaction manifests itself in teaching: if the teacher does not believe that a particular curriculum 
design is valuable, then the teacher’s practices may deviate from the intended design and correlate 
more with his or her belief systems. Also, if curriculum is highly structured, then it might not offer 
opportunity for teachers to implement their beliefs in practice.  
 Two developmental mathematics curricula are discussed in this study: elementary algebra 
(EA) and quantitative literacy (QL). The two curricula are different in content, organization, 
learning activities, and assessments. The EA curriculum is highly structured with respect to the 
topics that are covered. The material is presented in a linear sequence of topics of increasing 
complexity where skills learned in one lesson lead to student success in the next lesson. The 
instructor’s edition of the textbook suggests lessons that consist of algebra problems that are 
focused on procedural fluency with limited generic applications. Instructors teaching at UCC are 
free to employ any pedagogical strategy in the EA course. Instructors are also free to make their 
own assessments. All students enrolled in EA at UCC are required to use an online homework 
platform and take a computerized uniform assessment.  The QL curriculum consists of four 
modules, each having a specific theme. The topics are not presented in a linear sequence, and the 




overlap between numeracy, proportional reasoning, mathematical modeling, algebraic reasoning, 
and statistical thinking.  The lessons are presented in the form of problem situations contextualized 
with real world data. In addition, the QL curriculum was designed with specific pedagogical 
premises: students are expected to work in groups with the instructor facilitating students’ 
“productive struggle” to meet course objectives. Instructors are provided with notes that contain 
suggestions and recommendations for presenting each problem in the lesson. These suggestions 
include facilitation prompts that are recommended for guiding the students’ discovery of 
mathematical ideas. The assessments are written to meet each lesson’s learning outcomes. Students 
enrolled in a QL course at UCC are also required to take the uniform final assessment. 
All instructors in this study perceive the EA and QL curricula differently. Specifically, all 
instructors mentioned that the EA curriculum is more extensive and contains more topics. James 
stated that the EA curriculum requires greater prerequisite content knowledge and the material 
covered is more mathematically rigorous. Kevin stated that certain EA topics and procedures 
require more direct instruction and practice to master while the QL curriculum promotes writing 
qualitative responses. Tyler also mentioned that EA is focused more on procedures while QL is 
focused more on data analysis and statistical reasoning. Julie stated that EA promotes student 
engagement and collaborative learning. Furthermore, the EA curriculum, in her opinion, has harder 
objectives and does allow “productive struggle.”  All instructors stated that they reviewed the 
instructor’s notes before teaching each lesson in the QL course. During initial interviews all 
instructors stated that they do not write full lesson plans when teaching EA, but rather create 
outlines with important definitions and examples of varying difficulty. They also stated that they 




Enacted practices were influenced by a complex interaction between curriculum design 
and each instructor’s belief systems. In the cases of James and Tyler, the curriculum design was 
more aligned with their professed beliefs about teaching, learning and students. In the case of 
James, the EA curriculum design reinforced James’ belief that instruction should be focused on 
content and mastery of learning outcomes, which is evident in the teacher-centered format of 
presentation observed in his EA class. The QL curriculum had some influence on his teaching, but 
he deviated from the design principles of the course to align more with his own belief systems. In 
the case of Tyler, the QL curriculum reinforced Tyler’s belief that instruction should be more 
learner-centered with students engaging in sense making and collaborative work. Tyler’s belief 
system had some influence on his teaching of the EA class, which was observed during a few 
episodes of student sense making. EA’s rigid curriculum design did not allow many opportunities 
for Tyler to implement his beliefs into practice. In the case of Kevin, curriculum design did not 
have a major influence on his enacted practices. His beliefs about teaching, learning and students 
manifested themselves in his enacted practices in both classes. EA’s emphasis on procedural 
fluency and QL’s emphasis on students’ discovery were not influential enough to move him away 
from his beliefs. In the case of Julie, it was evident that the EA curriculum design had a major 
influence on her practice. This can be inferred from her focus on procedures and terminology. She 
stressed the importance of the final assessment and the mastery of proficiency in procedures. 
Interestingly, a similar focus was observed in her QL classroom. This can be explained by Julie’s 
misinterpretation of QL’s design principles and/or her more teacher-centered beliefs, which were 






Research Question 2 
2. Are there differences in student engagement, cognitive demand of instruction, access to 
mathematical content, and use of formative assessments between classes that use an elementary 
algebra curriculum and classes that use a quantitative literacy curriculum?  
 
Four instructors, each teaching one section of EA and QL, were analyzed using the teaching 
for robust understanding (TRU) framework. The TRU framework is used to characterize five 
important dimensions of productive classrooms (Schoenfeld, 2014, 2015): (1) Mathematics; (2) 
Cognitive Demand; (3) Access to Mathematical Content; (4) Agency, Authority, and Identity; and 
(5) Use of Assessment. Schoenfeld (2015) claims that this framework characterizes the richness 
of mathematics classrooms, and that “a mathematics classroom that does well along these five 
dimensions will produce students who are powerful mathematics thinkers” (p.2). 
Aside from the case of Tyler, analysis of results revealed few significant differences in the 
mean scores of episodes across five dimensions of the TRU math rubric between elementary 
algebra and quantitative literacy lessons. Students in James’ and Kevin’s classes had opportunities 
to engage in problem solving, but both instructors provided extensive support that tended to 
scaffold away challenges. Both instructors invited all students to participate, and they made sure 
no one was left behind. During whole-class discussions both instructors made connections between 
important ideas for the students and they showed explicit steps to solve the problems. Both 
instructors focused their lessons on content. However, Kevin’s lessons put more emphasis on 
understanding connections between various mathematical concepts, while James was concerned 




For both James and Kevin, there was a significant higher mean rating on the Mathematics 
dimension in their QL classes. In the QL lesson James and Kevin gave students time to explore 
the numerical pattern to build linear model presented in the lesson. Both instructors presented the 
concept of “rate of change” and how it can be interpreted geometrically as a slope. In Kevin’s QL 
class students had a chance to discuss the meaning of intercept of both linear models and the 
meaning of horizontal and vertical intercepts. 
Both the EA and QL class taught by Julie had similar ratings with no significant difference 
in any dimension. In both lessons Julie focused on terminology; there was little opportunity for 
students to engage with mathematical ideas and explore concepts. For the most part, Julie 
presented the material in a direct instruction format, and she generated the ideas. Some of concepts 
she presented were beyond the level of difficulty addressed in the curricula. Some discussion was 
observed in the QL class, but the instructor provided extensive support right from the start of each 
discussion.  
Tyler’s QL class had a significantly higher rating than his EA class across all dimensions. 
Tyler’s QL lesson was more focused on making connections between procedures and concepts. 
Students spent significant time exploring ideas in groups and then presented their findings. 
Students were more engaged in the QL class which could be observed in their active participation; 
they actively discussed, argued and shared mathematical ideas. Also, in the QL lesson, the 













 All instructors in this study participated in a week – long professional development 
program to prepare them to teach the quantitative literacy course. The quantitative literacy 
curriculum consists of lessons situated in a real-world setting that are meant to improve numeracy. 
The curriculum advises the use of student-centered pedagogy focusing on collaborative learning, 
productive struggle, and students’ construction of their own knowledge. On contrary, the 
elementary algebra curriculum consists of standard introductory algebra topics, such as evaluating 
algebraic expressions, solving linear equations, and factoring. Instructors at UCC do not receive 
training to teach this course, and they are free to present the content in the way they consider most 
effective. 
 Only one instructor, Tyler, taught the QL lesson as intended. His professed beliefs were 
aligned with the enacted practices in QL course. Also, he was the only study participates with 
learner-centered beliefs. It is interesting to note that his enacted practices in EA lesson were 
substantially different from the enacted practices in QL class. In addition, enacted practices in 
teaching elementary algebra were focused on content for all instructors, including Tyler. The 
conclusion can be drawn that the instructors perceive elementary algebra curriculum as collection 
of essential rules that students must master and, therefore, more direct instruction is needed to 
maximize the students’ mastery of learning outcomes. This belief about elementary algebra 
curriculum plays dominant role in predicting instructional practices. At the end of the study all 
instructors claimed that teaching quantitative literacy had some effect on their general teaching 
philosophy. They claimed that they ask students to collaborate more and give them time to discover 
mathematical ideas. This was not observed in their teaching of elementary algebra, but it is worth 




 Another important finding of this study is the value of collaboration in quantitative literacy 
course. In addition to Tyler’s students, students in James’ and Kevin’s QL classes were observed 
engaged in sense making, productive struggle, and discussion of mathematical ideas during group 
work. This implies that collaborative learning can be valuable in quantitative literacy class and it 
is worth further investigation.  
 
Significance of this study 
 
This study provides empirical evidence that the community college instructor’s beliefs and 
enacted practices are in alignment. This study is unique in investigating the role of the 
developmental mathematics curriculum in this alignment. The findings imply that curriculum 
plays a significant role when its intended design correlates with instructors’ belief systems. In the 
case of the elementary algebra curriculum, its intended design, as perceived by instructors in this 
study, focuses on mastery of procedural fluency through extensive practice of similar problems. 
In the case of quantitative literacy, its intended design, as described during a professional 
development workshop, focuses on solving non-standard real-world applications in collaborative 
settings with students struggling and making sense of mathematical ideas.  
This study is also significant in that it provides examples of enactment of the quantitative 
literacy curriculum in the community college. The results show that there is no significant 
difference in instructional practices between the EA and the QL curriculum. However, students 
engaged in collaborative work in the QL class demonstrated episodes of engagement and discovery 
of mathematical ideas. Also, in the case of one instructor whose beliefs aligned with the intended 
design of the QL curriculum, the classroom practices observed in QL were significantly more 







Case study research involving individuals allows for effective understanding of how the 
subject operates, functions and makes decisions in a particular well-defined situation. This method 
allows the researcher to explore how individuals make sense of stimuli with which they are 
confronted, how they perceive and interpret the information they see, how they interpret their own 
actions, how they deal with problems they encounter, and how they interact with others (Berg & 
Lune, 2012; Yin, 2013). The case study allows holistic understanding of the phenomenon being 
studied as it applies to cases analyzed. This study allowed for close investigation of the relationship 
between professed beliefs and enacted practices of four community college instructors. The lessons 
observed for this study were videotaped, and the researcher took detailed field notes to capture 
data for analysis of enacted practices. The professed beliefs were collected using two semi-
structured interviews. A limitation associated with self-reported perceptions is the possibility of 
inaccurate articulations or bias (Yin, 2003). Some instructors are better at articulating their beliefs 
than others. Also, the researcher is the primary instrument of data analysis and collection. In 
addition, the researcher is an instructor at UCC, and this could influence the accuracy of responses. 
This limitation was addressed by stressing the fact that data collected in this study were to be kept 
confidential and could not be used for evaluation and promotion of study participants.  
 Another limitation is the number of observations that were conducted for each faculty 
member. More time in the classroom would be preferable to check for consistency, but due to time 
constraints, it was not possible. Also, a involving multiple observations would have limited the 
possibility for observation of multiple cases.  
The study employed the TRU math rubric to give ratings for enacted practices of instructors in 




the recommended rating scale provided and, therefore, the scores assigned could be subjective. 
This was addressed through establishment of inter-rater agreement using Cohen’s kappa 
coefficient, as discussed in the methodology chapter.  
 
Recommendations 
Practitioners who plan to adopt the quantitative literacy curriculum on their college 
campuses should be aware of the role instructor’s beliefs in the enacted practices. The theoretical 
design of intended QL curriculum is not sufficient to encourage instructors to adopt it in the way 
it was intended. The literature indicates that belief systems are difficult to change, but efforts must 
be made to demonstrate the practical benefits of the quantitative literacy curriculum design on 
student outcomes. Professional development workshops should include examples of both 
promising practices as well as teaching practices that significantly deviate from the design 
principle of the QL course. Prior to expanding the offerings of the quantitative literacy course, 
several pilot sections should be taught with the instructors whose beliefs are in alignment with 
QL’s intended design evaluating the course’s effectiveness. 
 On the theoretical side, a larger study connecting professed beliefs and enacted practices 
of community college instructors would be a natural continuation of this study. The study could 
branch in multiple ways. It would be of interest to focus on mathematics instructors teaching 
elementary algebra only. Also, this study demonstrated the alignment between professed and 
enacted practices, but this alignment is only valid for cases that were observed. A larger study that 





It would also be of interest to explore the effect of quantitative literacy in greater depth. 
This study implies that the quantitative literacy course does not influence enacted practices to a 
large extent. However, it was observed that collaborative work and productive struggle allow 
students explore ideas and make conjectures. It would be interesting to design a study that explores 
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My name is Yevgeniy Milman and I am a PhD candidate in mathematics education program at 
Teachers College of Columbia University. 
 
The reason I am writing is to ask for your participation in the research study that I am planning 
to undertake for my graduate studies. I am planning to investigate the influence of Quantway® 
curriculum on instructor’s day to day instructional practices. The study will require me to 
observe few of your classrooms and conduct interviews with you. This study is NOT part of the 
training program and it will not be used for any evaluation purposes. Your participation will be 
completely anonymous and it will not take too much of your time. It will be of great help to me! 
 
Please reply to me if you are interested to participate. I have few questions that I would like to 
ask you in person or Skype. 
 
 











Pre-Study Interview Protocol – Instructors (Approximate duration is 50 minutes) 
 
1. Instructor Background 
a. How long have you being teaching mathematics in general? At post-secondary 
institution? 
b. What courses have you taught in the past? 
c. How long have you being teaching developmental mathematics? 
d. Were you involved in teaching specialized curriculum in the past? Describe. 
e. How long have you worked at UCC? 
f. What is your education background?  
 
2. Teacher Preparation 
a. Have you taken any teacher preparation courses? Describe. 
b. What preparation and resources did you have when you started teaching at UCC? Did 
you receive any special preparation to teach developmental courses? 
c. Did you attend any professional developmental workshops (e.g. writing across the 
curriculum, reading across the curriculum, online and hybrid learning) offered by 
UCC? Outside agency? 
d. Do you feel you have the adequate preparation and resources to teach developmental 
courses? Do you feel the need for any specific support?  
 
3. Students  
a. In your opinion, what is the greatest obstacle that hinders progress of students in the 
developmental mathematics courses? 
b. If you were to change one thing in developmental mathematics instruction, what 
would you do? 
c. What pedagogical strategies seem to engage students the most? 
d. Does the algebra curriculum promote such engagement?  
e. In your opinion, what are the sources of students’ anxiety? (i.e exams, mathematics 
abstraction, prior experience)  
f. What role does reading comprehension have on the student’s ability to solve a 
contextualized mathematics problem? 
g. What role does writing play in the mathematics classroom? 
 
4. Pedagogical Approach  
a. Tell me about activities do you incorporate into the classroom on a regular basis? 
What kinds of assignments do students have to complete? Do you use similar 
activities in teaching developmental courses as credit-bearing courses? 
i. How do students work during the activity (i.e, in groups, individually)? 
ii. What is your role during the activity? 
b. How do you notice when student is struggling with a particular concept/task? 
c. What are your strategies to assist students who are struggling?  
d. What evidence do you look for to (formally and informally) assess how well students 




5. Past Experiences  
a. What do you believe a goal of the developmental mathematics courses? 
b. Do you believe developmental algebra and arithmetic sequence adequately prepare 
students for the college level mathematics courses and other college level subjects? 
Explain 
c. From your experience teaching developmental algebra, is there anything you would 
like to change/improve?  
d. Have you taught a class where you were given a specific curriculum? What was your 
experience with it? 
e. Have you designed a course yourself in the past?  
f. Do you supplement your lectures in the traditional algebra or other math courses with 
specific lessons that you designed? 
g. Do you typically select in-class practice problems that are related to the problems that 
appear in the textbook/given curriculum? 
 
6. Quantitative Literacy (QL) 
a. What do you know about QL course? 
b. What made you decide to participate in the training to teach QL? (i.e. pedagogy, 
curriculum, course description, financial incentive)    
c. What would you say are primary goals of QL? 
d. How do you think teaching QL might be different from teaching algebra and/or other 
classes? 
 
7. TRU Math Dimensions  
1. Dimension # 1: The Mathematics  
(Core question to explore: How do mathematical ideas from this course (QL and   
Algebra) develop in specific set of lessons?) 
I. How do you see/hear students engage with mathematical ideas during class?  
 
2. Dimension # 2: Cognitive Demand 
(Core question to explore: What opportunities do students have to make their own 
sense of math ideas?) 
I. In your experience teaching developmental algebra course, what opportunities 
do students have to make their own sense of important mathematical ideas? 
i. What opportunities exist for students to struggle with mathematical 
ideas? 
ii. Do you believe that allowing students struggle with problem is a 
productive use of the instruction time? 
iii. Do students share their struggle with others? In what way?  
 
3. Dimension # 3: Access to Mathematical Content 
(Core question to explore: Who does and does not participate in the math work of the 
class, and how?) 
I. What opportunities exist for each student to participate in the mathematics 




II. In your developmental mathematics classrooms, what range of ways can your 
student participate in the math work of the class (talking, writing, making 
graphs, manipulating symbols, interpreting graphs -> for future observations) 
III. What ways do you approach student who does not participate and/or does not 
seem engage?  
4. Dimension # 4: Agency, Authority, and Identity 
(Core question to explore: What opportunities do students have to explain their own 
and respond to each other’s math ideas?) 
I. Describe your typical class in terms of interaction between students and 
interactions between you and your students. (Is faculty asking leading 
questions, do students generate discussions? How deeply students get to 
explain their ideas?)  
II. Are there topics for which opportunities exist for students to explain their own 
and reasoning to each other’s math ideas? 
 
5. Dimension # 5: Uses of Assessment 
          (Core question to explore: What do we know about each student’s current math 
thinking, and how can we build on it?) 
 
I. In the typical lesson, how can you identify that a particular student is 
following the lesson. 
























Post-Study Interview Protocol – Instructors (Approximate duration is 50 minutes) 
 
This goal of this interview is to gain insight on the five dimensions of the TRU Math rubric as 
seen by each instructor at the conclusion of a semester of teaching quantitative literacy and 
elementary algebra courses.   
 
TRU Math Dimensions  
1. Dimension # 1: The Mathematics  
(Core question to explore: How do mathematical ideas from this course (Quantway 
and   Algebra) develop in specific set of lessons?) 
 
I. How do goals for the lessons covered in Quantitative literacy course compare 
to the goals for the lessons covered in algebra course you taught this 
semester? 
  
II. How did you see/hear students engage with mathematical ideas in each 
course?  
 
2. Dimension # 2: Cognitive Demand 
(Core question to explore: What opportunities do students have to make their own 
sense of math ideas?) 
I. In your experience teaching Quantitative literacy and elementary algebra 
courses, what opportunities did students have to make their own sense of 
important mathematical ideas? 
iv. What opportunities existed for students to struggle with mathematical 
ideas? 
v. Were your students’ struggle productive? How much scaffolding did 
you give to your students in each course? 
vi. Do students share their struggle with others? In what way?  
vii. Did you try to create opportunities for students to make their own 
sense of important mathematical ideas? 
viii. What resources were available for students to use when they encounter 
struggles? 
ix. Comment on the class norms around the value of the struggle and 
mistakes in each of your classes.  
 
3. Dimension # 3: Access to Mathematical Content 
(Core question to explore: Who does and does not participate in the math work of the 
class, and how?) 
I. What opportunities existed for each student to participate in the mathematics 
work of the class? 
II. In each of your courses, what range of ways did your student participate in the 
math work of the class (talking, writing, making graphs, manipulating 




III. What ways did you approach student who did not participate and/or did not 
seem engage?  
IV. How did you promote and support the student participation? Did you notice 
the differences in participation between your classes? If you did, what can you 
contribute these differences to?  
V. How norms (or interactions, or lesson structures, or task structure, or 




4. Dimension # 4: Agency, Authority, and Identity 
(Core question to explore: What opportunities do students have to explain their own 
and respond to each other’s math ideas?) 
I. What opportunities did students have to explain their own and respond to each 
other’s mathematical ideas 
a. Who generated the mathematical ideas that were discussed in each of your 
courses? 
b. Who evaluated and/or responded to other’s ideas? 
c. How deeply did students get to explain their ideas in each course? 
d. Describe which students got to explain their own and respond to others’ 
ideas in a meaningful way. 
 
 
5. Dimension # 5: Uses of Assessment 
          (Core question to explore: What do we know about each student’s current math 
thinking, and how can we build on it?) 
 
I. In the typical lesson, how did you identify that a particular student is following 
the lesson in each course. 
II. How did students share their mathematical ideas and reasoning? 
III. What interventions did you use to promote the mastery of the learning 



















Description of Elementary Algebra Lesson Taught by James   
 
Topic: Solving linear equation in one variable 
 
Date: September 24th, 2015 
 
Outline of the lesson:  
• Discussion on addition and multiplication properties of equality 
 
• Definition of linear equation in one variable 
A linear equation in one variable is any equation that can be put in the form 𝑎𝑎𝑥𝑥 +
𝑏𝑏 = 0, where 𝑎𝑎 and 𝑏𝑏 are real numbers and 𝑎𝑎 is not a zero 
 
• Whole class discussion/teacher exposition examples presented 
 
1. 5𝑥𝑥 = 30 






𝑦𝑦 = 4 
5. 5 + 8 = 10𝑥𝑥 + 20𝑥𝑥 − 4𝑥𝑥 
6. 6𝑥𝑥 + 5 = −13 
7. 5𝑥𝑥 = 2𝑥𝑥 + 12 








• Individual work 
 
10. 5𝑥𝑥 = 10 
11. 8𝑚𝑚 = −16 
12. −3𝑥𝑥 = −9 






𝑦𝑦 = −20 
16. −3 − 5 = 3𝑥𝑥 + 5𝑥𝑥 − 10𝑥𝑥 










• Whole class discussion/teacher 
exposition examples presented 
 
18. 2(𝑥𝑥 + 3) = 10 
19. 3(𝑥𝑥 − 5) + 4 = 13 
20. 5(𝑥𝑥 − 3) + 2 = 5(2𝑥𝑥 − 8) −
3 
21. 7 − 3(2𝑦𝑦 + 1) = 16 
22. 3(2𝑥𝑥 − 5) − (2𝑥𝑥 − 4) = 6 −
(4𝑥𝑥 + 5) 
 
• Individual work 
 
23. 3(𝑥𝑥 − 2) = 6 
24. 4(𝑥𝑥 + 5) = 16 
25. 3(2𝑎𝑎 − 4) = 12 
26. −25 = 5(3𝑥𝑥 + 4) 
27. −3(2𝑦𝑦 − 4) = −6 




• Check the solution to an equation by substitution 
• Use the addition property of equality to solve an equation 
• Use the multiplication property of equality to solve an equation 
• Solve a linear equation in one variable 
 






Mode  of 
Instruction 






























































1 10 Whole Class 
(Launch) 
1.5 1 2 1 1.5 
2 15 Whole Class 
(Teacher 
Exposition) 
1.5 1.5 2 1.5 1.5 
3 15 Individual work 2 2 3 1.5 2 
4 10 Whole Class 1.5 1.5 2 2 2 
5 15 Whole 
Class(Teacher 
Exposition) 
1.5 1.5 2 1.5 2 
                                                      
9 Each dimension is assigned a score from 1 to 3 with 0.5 increments for each episode. A higher score indicates a 




6 15 Individual work 2 2 3 1.5 1.5 
7 10 Whole Class 
(Discussion) 
1.5 1.5 2 1.5 2 
Average   1.64 1.57 2.28 1.5 1.79 




The lesson started with the instructor explaining the properties of equality. The arithmetic 
example was shown first, demonstrating that equality stays the same if the same operation using 
the same value is applied to both sides. Then four linear equations that required only multiplication 
were solved on the board by the instructor. James got students involved by constantly asking 
questions which were sometimes directed to the whole class and other times to specific students.  
James transitioned to examples involving the combination of like terms. One student asked 
whether the answer 13/26 was the same as 2, which James answered with an analogy: “If you owe 
me a half of a dollar, how would you feel if I ask you to give me $2?” The instructor then covered 
examples #1-6 listed in the lesson outline.  
In this episode the examples were of appropriate difficulty with the primary goal of 
learning the steps to solve linear equations. Students copied the examples from the board and 
occasionally replied to questions. There were no productive struggle observed and none of the 
examples had contextual grounding (routine examples were presented). Instructor addressed the 
whole class during the episode, but only few replied to his questions. James initiated the 
conversations and student responses were limited.  
Episode 2 
James gave an example that had a variable on both sides of equation: 5𝑥𝑥 = 2𝑥𝑥 + 12. The 
following exchange occurred:  
James:      What is the first step are we going to do here? Frank?  




James:      No, you cannot combine like terms here. Olga? 
Olga:        Subtract 2x from both sides 
James:      Are you asking me or telling me? Say it with a confidence! 
Olga:        Subtract 2x from both sides! 
James:      Good! [writes on the board] Now we subtract 2x from both sides; what are we 
           left with? 
Peter:        5x 
James:      Peter, if you were to write things down, you would do much better! You get     
      3x=12. Now what? 
Angelica:  Divide by 3 
James:       Divide what? 
Angelica:   Both sides by 3! 
James:       That’s right! You have to say it. If you do not say it, you are going to do it to    
       just one side! You have to get used to saying it in your head: “Both sides.”  
 
Frank asked if this procedure was the same as combining like terms. James demonstrated 
the differences on the board. The instructor demonstrated another similar example on the board.  
The following example was a linear equation with fractional coefficient; James showed two 
methods of solving it: dealing with fractions directly and eliminating fractions by multiplying both 
sides of the equation by the LCD. During this episode examples were presented in a similar way: 
James showed the steps on the board, asking questions at every step. There was no time given to 
students to attempt problems individually or in groups. The instructor used the textbook when 
presenting problems, and the pace of the instruction was relatively fast, covering a wide range of 
examples of increasing complexity.  The instructor covered examples #7-9 listed in the lesson 
outline. 
This episode has a slightly higher rating since instructor gave more time for students to 
respond to his questions. He waited for student to give a response and, as illustrated in the excerpt, 
he encouraged Olga to be confident in her response. Students’ confidence in their abilities to do 
mathematics is part of “authority” listed in the fourth dimension.  Also in this episode James 
followed up to Frank’s question by demonstrating the example outside of the lesson outline erning 





 James asked students to work on 8 problems from the textbook (#10-17 in the lesson 
outline). James walked around, checking if students were on task and assisting students if needed. 
He gave positive reinforcement to students who were working and getting correct answers. One 
student did not start working and appeared to be distracted. Below is the exchange between James 
and this student: 
James:    What is it that you are doing, Bob? You are not doing the work.  
Bob:        I am about to start now. 
James:     How come are you starting now? Everyone else is almost finished with this work. 
Bob:       Because I already know this. I do not really need to do it.  
James:    So show it to me that you already know this. Come on, you are better than this! 
Bob:       I really know this 
James:    So why are you here then?  
Bob:       Because I already passed the midterm and the final last semester, I just missed    
   several classes.  
James:   Well, if you do not want to do it, it is on you, not on me…. 
 
James gave positive reinforcement to every student who was working and getting correct 
answers. If a student solved a problem incorrectly or skipped the problem, James expected this 
student to correct the error and try the problem in front of him with assistance.  
Instructor provided support to every student who needed. The exchanges between 
individual student and instructor were focused on understanding specific steps. Instructor kept 
referring to worked out examples and asked students to apply same techniques to learn the “right 
form”.  
Episode 4 
 James brought the whole class together to check the answers to problems that had been 
assigned for individual work. He called out students to share their answers. He discussed common 
confusion between the values of 0/a and a/0 where a is a real number. He simply stated that the 




scores is the same as the one given in episode 2. James asked students to respond with confidence. 
The fact that James discussed the difference between 0 being a dividend and 0 being a divisor is a 
rational for a score on the fifth dimension.  
Episode 5 
 James continued with a lecture presenting problems that used the distributive property 
(#18-22 in the lesson plan).  Students were invited to use their eBook to follow along. James 
covered five examples of increasing complexity. The nature of his discourse mimicked the nature 
of the discourse in episode 2.  The rating has the same rational as episode 2.  Below is the exchange 
between James and this student during this episode: 
James:   Ok now, let us move on. Here is the problem that is slightly more difficult. 
[write 3(𝑥𝑥 − 5) + 4 = 13 on the board]. What do we do first? 
Student:  We divide.  
James:          No! Why would you divide first? We have to simplify first! Okay, distribute 
3, we get  3𝑥𝑥 − 15 + 4 = 13. Now, let’s simplify, we get 3𝑥𝑥 − 11 = 13. 
Add 11 to both sides. We get 3𝑥𝑥 = 24. Now you divide by 3 and we get the 
answer 𝑥𝑥 = 8. Any questions?  
Several Students:    No. 
James:   Okay, great! Let us move on.  
 
Episode 6 
Students were asked to work on another 6 problems from the textbook (#23-28 in the lesson 
plan). James continued to circulate the classroom, to check, and to assist students. It is interesting 
to note that Bob appeared to work on the assigned problems and even asked for help on one of the 
problems.  
The assigned scores on this dimension are relatively higher than others. Students are given 
opportunity to reason through the examples, but these examples are very similar to the ones 
discussed during the whole class work in the previous episode. The fact that instructor checked the 




problems earned the highest score on 3rd dimension. The lower score on 4th dimension can be 
attributed to the fact that James offered help in form of correcting students’ work and provided 
steps to solve a given problem with most students. There was one instance when James asked one 
student to explain how she got the answer and then showed her the mistake she made. The score 
on the last dimension is justified by the fact that James’ actions were focused on correcting student 
errors and offering encouragement.  
Episode 7 
 James brought the class together to go over the problems in the same way as it was done in episode 
4. In this episode, instructor covered the problems at a higher pace. He asked less questions as he 









Description of Quantitative Literacy Lesson Taught by James   
 
Topic: Linear Models 
 
Date: November 5th, 2015 
 
Full Lesson and Learning Objectives: See Appendix G 
 







Mode of  
Instruction 





























































1 10 Whole Class 
(Launch)  
2 2 1.5 2 N/A 
2 15 Group work 2 2.5 3 2.5 2.5 
3 10 Teacher 
Exposition  
2 N/A 1.5 1.5 2 
4 15 Group 
Work/Student 
presentation 
2.5 2.5 2 2.5 2 
5 10 Whole class 2 1.5 2 1.5 2 
6 10 Whole class 2 1.5 1.5 1.5 2 
7 10 Group 
Work/Student 
presentation 
2.5 2.5 3 2.5 2.5 
8 15 Whole 
Class/Teacher 
Exposition 
2 1.5 2 1.5 2.5 











Summary of Episodes: 
 
Episode 1 
The students read a problem situation followed by the instructor explaining the problem 
context. James wrote the verbal description of two cell-phone plans and asked students to think 
about which plan would be a better deal. After a brief pause, James asked students to vote, by 
raising hands, for either plan and then asked Jenna to explain why she did not raise her hand. She 
explained that the choice of plan would depend on the number of minutes used. There was no 
group discussion, and this episode ended with James briefly stating that the cost of the per-minute 
plan would vary, with $0.13/min representing the rate of change. He also stated that the goal of 
this problem situation was to determine the point where one plan becomes less expensive than the 
other.  
In this episode James presents the general goal of the lesson by mentioning several 
important ideas, such as the rate if change and the break-even point. Students are invited to make 
a conjecture about the problem situation. All students appear engaged and one student correctly 
identified time as the independent variable that needs to be analyzed.  
Episode 2 
Students worked in groups to come up with a mathematical model for each plan (question 
2a). Groups worked together while James walked around checking their progress. There were two 
students working separately; their group members were absent due to lateness. James approached 
each of these students and initiated conversation:  
James:  Rebecca, could you tell me what you did here [points to table question (2)]? 
Rebecca: So what I did here, I multiplied the number of minutes times $0.13. Is this 





James:  No, no, no… What they want you to do here is to figure out the formula to 
solve this. You see; this is the long way. For example, if you are given 100 
minutes, would you sit here and write it 100 times? 
Rebecca:  No. 
James:  So what would you do here? 
Rebecca:          $15.99 plus 100 times 0.13 
James:  This is correct. So what is 100 here? 
Rebecca:  The number of minutes spoken. 
James:  This is correct, but this number is going to change; it could be 50, 100 or 
1,000, So when you do not know what the number is, what do you use for 
that? 
Rebecca:  You use “x” and an equation. 
James:  Yes, we call it a variable. They want you to use “t” here, so you are going 
to write “15.99 plus” what? 
Rebeca:  “t” times 0.13. 
James:  Good! Now you can use it to find cost for any number of minutes using this 
equation you wrote down. So if they tell you to use 1,000 minutes, you are 
going to plug in 1,000 for a variable “t.” So what way is easier, writing it 
several times or using the formula? 
Rebecca:  [chuckles] a formula! 
 
James went to the other groups and scaffolded the derivation of a formula similarly to the 
episode above. James stressed the meaning of the formula. One of the groups did not need 
assistance finding the equation. James asked members of this group to explain the meaning of it, 
and he received a correct response.  
In this episode students were working with a clear goal of finding a formula by finding a 
pattern in data. This activity offered possibility of productive struggle with instructor assisting by 
providing enough scaffolding for groups to derive the appropriate formula. All team members 
appeared to contribute ideas. Also three groups had a clear leader who led the discussions. Students 
appeared to build on each other’s ideas. Instructor closely monitored the groups and made sure 







James reviewed the equation that groups came up with. He wrote it on the board. He 
explained the meaning of both equations. Then he explained the meaning of the slope: “13 cents 
is the ratio, cost per minute, and that is rate of change. The graph of this model will change 13 
cents every minute.” The concept of “rate of change” and its graphical interpretation was given 
earlier than recommended by the instructor notes for this lesson, and students were not given the 
opportunity to discover the meaning on their own.  
In this episode, James did not ask students to share the results of their groups. Rather 
instructor brought up the concept of “rate of change” for the second time in the lesson. The episode 
earned lower scores on dimensions 4 and 5 since the students’ involvement in this episode was 
limited. He acknowledged the work that groups did by putting the equations for both models, 
which groups came up, on the board.  
Episode 4 
Students constructed a graph. James focused on all the components of the graph (question 
2bc): scale, title, and labeling both axes. He let groups choose their own scale, but he expected the 
graphs to be neat. He suggested to two groups that they change their scale to fit the entire grid. He 
walked around giving positive reinforcement to students who worked together and stay on task.  
James asked Tatiana to put her graph on the board while students finished graphing both plans. By 
the end of the episode, James asked Tatiana to explain her graph. She described how her group 
came up with the scale and she explained: “the unlimited plan does not go up or down since the 
cost is constant, while the ‘per-minute’ plan increases as the number of minutes talk increases.”  
The rational for the rating given is similar to the episode 2. Students spent substantial 




students to assess the appearance of their graphs. Students had an opportunity to explain their 
ideas.  
Episode 5 
There was a discussion on the meaning of the break-even point (question 2d). James led 
the discussion, asking occasional questions. Then he gave a brief explanation on the geometrical 
meaning of a slope. He gave the analogy of a ball running down the hill and explained that the ball 
would have a different speed based on the steepness of the hill. He then asked “what slope does 
the line representing ‘per-minute’ plan have?” Students called out that the slope was positive. 
Then, James stated that the numerical representation of the slope was the number “0.13” that was 
obtained earlier.  
In this episode, the score on the fourth dimension was lower, since, once again, James 
initiated the conversations and students did not have a chance to explain their reasoning.  
Episode 6 
A student read the second problem situation (question 3 was skipped). Then James asked 
the class to answer question # 4. After a brief moment, he directed the question to Andrew, a 
stronger student. Andrew said that the coffee card would run out of balance by the end of the 
month. There was no group discussion during this question. This episode was given similar rating 
as the previous episode, except the lower score was given on third dimension, since teacher 









Students worked in groups on the next questions (questions # 5). Students were asked to 
fill out the table, to construct the graph, and to build a linear model for this situation. Students 
worked together. They appeared engaged and focused. By the end of the episode, Tanisha came to 
the board to explain the graph her group obtained.  
 
Episode 8 
James reviewed question #5. He asked Andrew what formula he obtained for a coffee card. 
He tells the formula his group obtained: = 50 − 2.73𝑒𝑒 . James asked students to solve this formula 
to figure out how many days this card would last. Students seemed confused by the question. James 
decided to demonstrate how to solve for n when C equals 0. He then asked for vertical and 
horizontal intercepts (question #6). There were two students who called out the answers.  Then 
discussion shifted to find the rate of change of both graphs. James stated the slopes for both graphs. 
There was limited student participation in this episode.  
Class time elapsed, so they could not go over the “making connections” part of the lesson, 
but students were reminded to complete homework for the next class and record the main ideas 


















Quantitative Literacy Lesson: Linear Models 
 
This lessons is the first lesson in module 4 of the curriculum. There are total of 4 modules each 
containing 5 to 6 lessons.  
 
Specific objectives:  
 
Students will understand that  
• linear models are appropriate when the situation has a constant increase/decrease. 
• slope is the rate of change. 
• the rate of change (slope) has units in context. 
• different representations of a linear model can be used interchangeably. 
 
Students will be able to  
• label units on variables used in a linear model. 
• make a linear model when given data or information in context. 
• make a graphical representation of a linear model. 
• make a table of values based on a linear relationship. 
• identify and interpret the vertical intercept in context. 
 
Full Lesson:  
 
Problem Situation 1: Cell Phones 
 
Cell phone service can be purchased in two different ways. One is an unlimited service 
where the customer signs a one- or two-year contract and pays a monthly fee for unlimited minutes. 
The other is a per-minute pricing service where the customer pays a monthly fee and a specified 
amount for each minute and can stop paying at any time. The phone costs the same amount under 
each plan. 
 
You want to have your own phone and need to decide which option costs less. Note that the 
descriptions of these options are examples of verbal representations of the mathematical 
relationships. 
 
• Per-Minute Pricing: There is a monthly fee of $15.99 plus $0.13 per minute.  
• Unlimited Plan: The plan costs $39.99 per month. Unlimited minutes of talk time are 
included, but a two-year contract is required. 
 
(1) Which plan do you think is less expensive? What factors affect this decision?  







Per-Minute Plan (P) 
Minutes(t) Cost Equation  
0 15.99 P = 15.99 
1 15.99 + 1(0.13) P = 15.99+ 1(0.13) 
2 15.99 + 1(0.13)+ 1(0.13) P = 15.99+ 2(0.13) 
3  P =  
4  P = 
5  P = 
…   
10  P = 
…   
t  15.99 +  
  




Unlimited Plan (U) 
Minutes(t) Cost Equation  
0 39.99 U = 39.99 
1 39.99 U = 
2  U = 
…   
10  U = 
…   
t   U = 
(b) Use your models to fill in the following table.  
Minutes 
Talked Cost of Per  Minute Plan 
Cost of  
Unlimited 
Plan 
0   
30   
60   
90   
120   
150   
180   
210   




 (c) Graph the data from the table in part (b) above. Be sure to include scales and labels on the 
axes. Let the horizontal axis be the number of minutes used for each plan and the vertical axis be 
the cost of service.  
 (d) Which plan is less expensive under what conditions? 
(3)  The two mathematical relationships in the cell phone plans are linear. They have certain 
important characteristics. The following terms are important vocabulary in talking about 
linear models and other types of mathematical relationships. You will discuss these in class. 
Make sure you take good notes about what each means. 
• constant rate of change 
• slope 
• vertical intercept 
• horizontal intercept 
(a) What is the rate of change for the both cell phone plans? What does it mean in the context 
of the problem situation? (Include units) 
(b) What is the vertical intercept for the both cell phone plans? What does it mean in the 
context of the problem situation? 
(c) Does the model in Problem Situation 1 have a horizontal intercept? If so, what is it and 
what does it mean in the context of the problem situation? 
Problem Situation 2: Daily Latte 
A local coffee shop offers a Coffee Card that you can preload with any amount of money and use 
like a debit card each day to purchase coffee. At the beginning of the month (when you get your 
paycheck), you load it with $50. Each day, your short soy latte costs $2.63.  
 
(4) Estimate if the Coffee Card will last until the end of the month if you purchase a latte every 
weekday. 
 
(5) Using the graph and table below, answer the question: Will your $50 Coffee Card last until 
the end of the month. Note that you can say any given month has about 22 weekdays (could 











(a) Fill in the table 
Lattes (n) Amount remaining on card (A) 
0 50 
1 50 – 2.63(1) 








(b) Graph the data from the table in part (a) above. Be sure to include scales and labels on the 
axes. Let the horizontal axis be the number of lattes purchased and the vertical axis be the 
amount of money remaining on the card. 
(c)  Build a linear model with C representing the remaining money on the coffee card and n 
as the number of lattes purchased. 
 
(d) Answer the following questions: 
(i) Will the card last the entire month? 
(ii) If so, how much money is left at the end of the month? 
(iii)If not, how many days will it last? 
(6) The following questions concern terms introduced in question (3).  
(a) What is the rate of change for the model in Problem Situation 2 above? What does it 
mean in the context of the problem situation? (Include units) 
(b) What is the vertical intercept for the model in Problem Situation 2 above? What does it 
mean in the context of the problem situation? 
(c) Does the model in Problem Situation 2 have a horizontal intercept? If so, what is it and 
what does it mean in the context of the problem situation? 
Making Connections 






Description of Elementary Algebra Lesson Taught by Kelvin   
 
Topic: Solving systems of linear equations in two variables 
 
Date: November 12th, 2015 
 
Outline of the lesson:  
 
• Instructor gives introduction to the topic by demonstrating graphical meaning of a solution 
to the system 
• Homework review 
• Substitution method is introduced using the following examples. Examples presented 
using whole class discussion and teacher’s exposition 
�𝑥𝑥 + 𝑦𝑦 = 10𝑦𝑦 = 2𝑥𝑥 + 4 ;                      �
5𝑥𝑥 − 3𝑦𝑦 = 5
2𝑥𝑥 − 𝑦𝑦 = 1   ;                 �
𝑦𝑦 − 3𝑥𝑥 = 5
𝑦𝑦 + 3𝑥𝑥 = 5;                    �
𝑥𝑥 + 3𝑦𝑦 = 1
𝑥𝑥 + 3𝑦𝑦 = 4 
• Group work/whole class discussion  
� 𝑑𝑑 = 3𝑞𝑞 − 83𝑑𝑑 − 4𝑞𝑞 = 10 ;                  �
2𝑥𝑥 − 7𝑦𝑦 = 7
6𝑥𝑥 − 𝑦𝑦 = 1   ;                 �
𝑐𝑐 + 2𝑑𝑑 = 7
2𝑐𝑐 + 4𝑑𝑑 = 14;                 �
𝑝𝑝 = 0.25𝑒𝑒 + 35
𝑝𝑝 = 0.10𝑒𝑒 + 50 
 





































































1 9 Whole Class 2 1.5 2 1.5 1.5 
2 12 Whole 
Class/Teacher 
Exposition 
2.5 2 2.5 2 1.5 
3 12 Whole 
Class/Individual 
work 




4 12 Whole Class 2 2 2 1.5 1.5 
5 12 Teacher 
Exposition 
1.5 1.5 2 1.5 1 
6 30 Group 
Work/Student 
Presentation 
2.5 2.5 3 3 2 
7 12 Whole Class 2 2 2.5 2 2 
Average   2.07 1.92 2.29 1.93 1.57 
Summary of Episodes: 
Episode 1 
The instructor started the lesson by “decoding” the meaning of the topic. He explained that 
the goal of the lesson was finding a solution, which is an ordered pair (x,y), that satisfied both 
equations and that geometrically this solution represented an intercept of two lines.  Then, the 
instructor used a computer software tool to demonstrate that two lines can either intercept at a 
point, be parallel, have no pints in common, or be “on top” of each other.  
In this episode instructor presented clear goal of the lesson, making appropriate 
connections, but students were not involved in sense making. Instructor addressed the whole class 
and students were attentive. 
Episode 2 
The instructor moved on to a problem from the online homework platform that asked 
students to set up and solve a system that models a word problem involving two companies offering 
gardening services with the independent variable being hours of service and the dependent variable 
being cost of service. Both companies had different consultation fees and different hourly rates. 
As a whole class and with the instructor leading the discussion, a system was written down. Then 
the instructor inputted both equations into the online tool that displays the graph. He asked students 
to compare the rates and connect a word description of the situation with a graph. The instructor 




I, II and IV since the concept that was explored was more sophisticated, more students were 
involved in answering this question.  
Episode 3 
Kevin explained that solving systems by creating graphs by hand is a time-consuming way 
to get a precise solution. In addition, it would be difficult to locate non-integer solutions.  He 
transitioned to explaining the algebraic approach, with the substitution method being introduced 
first. Kevin stated that he would go over a few problems first before the class worked in groups. 
The first example is a system with an integer ordered-pair solution.  
�𝑥𝑥 + 𝑦𝑦 = 10𝑦𝑦 = 2𝑥𝑥 + 4 
Before showing the solution, Kevin stated that it would be helpful to write the first equation 
in slope-intercept form, so we could see in what direction both lines are moving. Then Kevin 
addressed the following question directly to Michael: 
Kevin:  Michael, what situation do we have here? Do the lines cross, 
parallel, or are they the same line? 
 Michael: Lines cross. 
            Kevin: Right! Because all we need is to look at the slope and then we will 
know if lines cross.  
 
The instructor demonstrated the method by substituting the equation that is explicitly 
solved for the variable y inside the other equation. He asked students to solve for variable x and 
then gave about two minutes to solve for the other variable. He explained that students could 
substitute the value of x in either equation to get the value of y. Students were attentive and 
followed the instructor’s suggestions.   
In this episode instructor let the discussion and made connections for students. There was 






The instructor presented the second example, which was a system where both linear 
equations were written in a standard form.  
�5𝑥𝑥 − 3𝑦𝑦 = 52𝑥𝑥 − 𝑦𝑦 = 1  
He wrote the hint on the board suggesting that students start with an equation that has “no 
coefficient,” and Kevin explained that it means an equation that has a variable with a coefficient 1 
or -1. He asked students to identify the equation which should be chosen first. Students were not 
able to answer right away, and the instructor decided to proceed with a problem and carefully 
outline steps by explicitly writing them on the board.  The rating for this episode is similar to the 
last given similar nature of presentation.  
Episode 5 
The third example is the following system: 
�𝑦𝑦 − 3𝑥𝑥 = 5𝑦𝑦 = 3𝑥𝑥 + 5 
The instructor first mentioned that students would work together to solve it, but then he 
discussed it in whole class discussion by solving the first equation for y and then going over the 
steps previously outlined. Kevin wrote on the board that the result is a true statement with no 
variables which means that both of the equations represent the same line and there are infinitely 
many solutions present. No time was given for students to work independently to internalize the 
meaning of this result. 
Kevin asked the class what possible solutions to systems were not yet covered. One student 
mentioned parallel lines. Kevin agreed and followed up with an example: 
�𝑥𝑥 + 3𝑦𝑦 = 1𝑥𝑥 + 3𝑦𝑦 = 4 
Kevin demonstrated that the system results in a false statement. Kevin explained that a 




there are no solutions to this system. He went on to explain the geometric interpretation by quickly 
solving each equation for y and showing that these two lines have the same slope but different y-
intercepts. Thus, the two lines are parallel, and they never intercept. The episode was more teacher-
centered. Kevin made important connection for himself, students were not given time to explore 
concepts. Students were not heard during this episode.  
Episode 6 
 The instructor wrote on the board a set of 4 systems that cover the range of possible 
answers that were just discussed:  
� 𝑑𝑑 = 3𝑞𝑞 − 83𝑑𝑑 − 4𝑞𝑞 = 10 ;                  �
2𝑥𝑥 − 7𝑦𝑦 = 7
6𝑥𝑥 − 𝑦𝑦 = 1   ;                 �
𝑐𝑐 + 2𝑑𝑑 = 7
2𝑐𝑐 + 4𝑑𝑑 = 14;                 �
𝑝𝑝 = 0.25𝑒𝑒 + 35
𝑝𝑝 = 0.10𝑒𝑒 + 50 
 
Kevin selected the problems from the textbook and wrote them in his lecture notes prior to 
the lesson. Students were asked to work in groups. Three groups were formed and another five 
students worked independently. The instructor let students work on this set of problems for about 
20 minutes. During the group work, Kevin walked around assisting groups and individual students 
by giving hints, correcting errors, and, at times, guiding students by outlining steps. After 7 
minutes one student came to the board to show her answer. Kevin did not check it, which implies 
that he accepts students making errors in presentation. He also stated, “Guys, have self-control, we 
do not even know if she did it right. You do not to check your work now, move on to the next 
problem.”  
After another 4 minutes, a different student came to the board.   In the next two minutes a 
third student came to the board to do the third problem. At the same time, the instructor asked how 
to start the last problem, but given its complexity, it was necessary for Kevin to suggest multiplying 




went over the solutions that were written on the board. He acknowledged work done by students 
by stating the names of students who put the answers on the board.  
In this students were given opportunity to work in groups and reason their solutions. Last 
examples that students were asked to do was different from the ones Kevin covered offering an 
opportunity for “productive struggle”.  
Episode 7 
Another 10 minutes were spent on the last problem. The instructor followed up on the hint that 
was offered earlier. He rewrote the problem to eliminate decimal coefficients and gave students 
another 3 minutes to solve the system. Two students come to the board to show their solutions. 
The level of engagement decreased and students began to have side conversations. Kevin 
concluded the class by summarizing the lesson and assigning homework for the next class.  In 
this episode Kevin gave more scaffolding, but stull expected students to attempt to solve the 






Description of Quantitative Literacy Lesson Taught by Kevin   
 
Topic: Linear Models 
 
Date: November 14th, 2015 
 
Full Lesson and Learning Objectives: See Appendix G 
 






































































1 9 Whole Class – 
Launch  
3 2.5 3 2.5 N/A 
2 10 Group Work 2.5 2.5 2 2 2 
3 8 Instructor 
Presentation 
3 2 3 2.5 2.5 
4 25 Group 
Work/instructor 
presentation 
2 2.5 2.5 2.5 2 
5 10 Whole Class 2.5 2 2.5 1.5 1.5 
6 16 Whole Class 2.5 2 2 2 2 




2.5 1.5 1.5 1.5 1.5 
Average   2.57 2.14 2.36 2.07 1.92 
 
Summary of Episodes:  
 
Episode 1 
The lesson started with students reading the objectives, the topic of which was introduction 
to linear models. The instructor explained the meaning of the term “linear model” by briefly saying 




then briefly defined the terms “slope,” “vertical intercept,” and “horizontal intercept.” The 
instructor then read the problem situation. Then instructor clarified the meaning of two cell phone 
plans. The following episode occurred at this time: 
 
Kevin:   Lauren, what would happen if you talked for 10 minutes using the per-
minute plan? How much would it cost? 
Lauren:      Its 10 cents per…? 
Kevin:   No, no. Look right here, it says right here. First bullet point [Another       
student  interrupts]… Hey Amanda, let Lauren answer. I know you 
know the answer.  So it’s 13 cents a minute. So if you talked for 10 
minutes, how much would  that be? 
Lauren:     You multiply. 




Students started to work in groups on the second question that asked them to inductively 
reason to find the equation for a linear model. There were 4 groups of 4 to 5 students. Students 
worked together to discuss the problem. Two groups were able to get the answer. The other two 
groups struggled. The instructor sent one of the group leaders to assist while he helped the other 
group.  
Episode 3 
After making sure that each group discussed the problem, the instructor pulled the whole 
class together to go over the answer. He put the equation on the board and mentioned the 
resemblance between the equation obtained, 𝑃𝑃 = 15.99 + 𝑡𝑡(0.13), and the equation  , 𝑦𝑦 =
15.99 + 𝑥𝑥(0.13) that students might recall from their high school algebra classes. He then asked 
them to give the units of numbers and variables in the equation. After a brief pause, the instructor 
answered the question himself. He also demonstrated that units make sense by employing the unit 
analysis learned in previous lesson.  He pointed out that 0.13 represents a constant rate of change 





Students were directed to graph the equations obtained for both cell phone plans. The 
instructor asked students to suggest a scale for a graph. One student suggested to go by 10’s in a 
horizontal direction. The instructor agreed and explained the rationale for it. The instructor gave 
about three minutes for groups to come up with a scale for the vertical axis. One student suggested 
to go up by 5’s, but she was not able to provide the rationale. The instructor ended up explaining 
the vertical scale as well.   
 
Episode 5 
Students worked on graphing two lines. During this time, Kevin asked one of his strong 
students to assist a group which was struggling.  Students continued to work in groups, and there 
was an emphasis on creating precise graphs. 
The instructor pulled the groups together. The following exchange occurred: 
Kevin:  Right about here [points at an x-coordinate of the intersection 
point], 183 or 184, we have the intersection point. What does this 
point of intersection [points at the intersection point of two lines] 
mean? 
Jessica:  Points where they cross. 
Kevin:  Yes, it is the place where they cross. But, Jessica, what does this 
point mean? 
Jessica:  When you talk for 180 minutes, both plans would cost the same 
amount. 
Kevin:  Right. So if we talk for more than this amount of minutes [points to 
the segment to the right of the x-coordinate of the intersection point] 
then what plan would you choose? 
Several Students: The unlimited plan 
Kevin:   And if you talk less? 
Several Students: Per-minute plan 
Jessica:  What if I talk a different number of minutes each month, then what 
happens? 
Kevin:  You can estimate your historic usage by finding average number of 










The class worked on question 3. The instructor described the characteristics of the line. He 
started describing the constant rate of change by asking students to look at the constant change in 
the cost of the per-minute plan as the number of minutes increased in 30 minute increments and 




 on the board and asked students to 
divide. Students realized that these were numbers from the problem and which appeared in the 
equation for the per-minute plan obtained earlier. The instructor made a connection to the point-
slope form of a line : 𝑦𝑦 = 𝑚𝑚𝑥𝑥 + 𝑏𝑏. He also mentioned that this equation might be familiar to 
students from high school. The instructor continued to demonstrate the meaning of the constant 
rate of change by showing geometrically that for the same rise in price there is a similar amount 
of minutes that one can talk. Students appeared to follow the explanation with occasional brief 
answers to instructor’s posed questions. The episode concluded with the instructor explaining the 
meaning of horizontal and vertical intercepts in the context of the problem situation. 
Episode 7 
The instructor read problem situation # 2, emphasizing key words. The instructor asked 
students to give examples of situations where pre-paid cards are used regularly. Students 
mentioned fast food pre-paid cards and per-ride MetroCards used in the NYC subway system. 
Students started to work in groups. There was limited discussion and most students worked on 
their own, filling out the table of values. The instructor walked around to encourage students to 
work together. Due to the time constraints, the instructor plotted the graph on the board, and, in a 







Description of Elementary Algebra Lesson Taught by Tyler   
 
Topic: Linear equations in two variables 
 
Date: September 30th, 2015 
 
Outline of the lesson: 
• Review of a problem from previous lesson: 
• The sum of two numbers equals to 85. Twice smaller number exceeds larger 
number by 26. Find both numbers 
• Give standard definition of linear equation in two variables: 𝑎𝑎𝑥𝑥 + 𝑏𝑏𝑦𝑦 =
𝑐𝑐 𝑤𝑤ℎ𝑒𝑒𝑒𝑒𝑒𝑒 𝑎𝑎, 𝑏𝑏, 𝑐𝑐 ≠ 0 
• Example 2𝑥𝑥 + 4𝑦𝑦 = 13 
• Ask students for solutions to 𝑥𝑥 + 𝑦𝑦 = 2, define ordered pair 
• Ask students to work in groups to find ordered pairs solutions to 𝑥𝑥 − 𝑦𝑦 = 2 
• Give definition of rectangular coordinates and a point as a solution to the equation 
• Give definition of a slope, informal and formal definition 
• Ask students to find a slope of a line through the following pairs of points 
• (−1,2), (3,4) 
• (2,3), (2,4) 
• (−1,−2), (3,−2) 



































































1 15 Launch – Teacher 
Exposition 
1.5 1.5 2 1.5 1.5 
2 12 Whole 
Class/Teacher 
Exposition 
1.5 1 2 1.5 1.5 
3 10 Group Work 1.5 2 2 2 2 
4 7 Student 
Presentation 
2 2 2 2 1.5 
5 10 Whole Class 2 1.5 1.5 1.5 1 
6 17 Whole 
Class/Teacher 
Exposition 




7 15 Individual work 2 1.5 2 2 2 
8 10 Teacher 
exposition 
1 1 2 2 2 
Average   1.69 1.56 1.88 1.81 1.69 
Summary of Episodes: 
Episode 1 
The instructor started the class with a review of a problem from a previous lesson on the 
application of linear equations. Tyler explained the steps to solve it. One student, Kayla, who sat 
in front of the class, asked questions to ensure that she understood the explanation. Students paid 
close attention to the example and took notes. Then the instructor gave out a project to take home 
consisting of 5 problems that closely resembled items covered on the final uniform assessment.  
Episode 2 
The instructor started the new topic by giving the standard definition of a linear equation 
with two variables. He explained why all the coefficients of the equation must not be equal to 0. 
Tyler asked students what it means to find a solution to such an equation. He gave an example:  
Find a solution to the linear equation 𝑥𝑥 + 𝑦𝑦 = 2 
Kayla answered that a solution could be (-2,4) and was followed by another three students giving 
the following solutions: (1,1), (2,0) and (3,-1). Tyler said that they could find as many solutions as 
they wanted. He defined these solutions as ordered pairs, explaining that the order of the numbers 
matters and indicating which variable each number represents. He wrote on the board that a linear 
equation with two variables has infinitely many solutions represented by ordered pairs. Most 
students did not copy the definition.  
Episode 3 
The instructor asked students to work together, either in pairs or groups, to fill out a table 




formed with another four students working individually. Tyler walked around asking whether the 
groups were making progress.  
Episode 4 
A student from each of the 3 groups came to the board to demonstrate one ordered pair 
which was a solution to the given equation. The instructor also asked one student who was working 
by himself to come to the board. He did not want to share his answer, but Tyler insisted and then 
reminded the class that he expects every student to participate. Then, this student came to the board 
and presented his answer. The instructor gave positive reinforcement for participating.  
Episode 5 
Tyler introduced the Cartesian plane. He made the analogy of airplane seating where each 
seat can be represented as coordinates with a specified row and seat across that row designated by 
letter. He defined the x-axis and y-axis and asked the class how to plot several points. Few students 
participated, and Tyler expected students to explain their reasoning. Regardless of Tyler’s efforts 
to get more students to participate, a few dominated the class discussions.  
Episode 6 
Tyler introduced slope of a line by drawing an SUV standing on top of two different hills; 
one hill had an inclined path to it, while the other had a vertical wall which could only be accessible 
with a rope. He asked students what path they would take to get to this SUV. Students choose the 
inclined path. The instructor defined this path as having an incline, or slope. The instructor 
transitioned to the formal definition of a slope: 𝑚𝑚 = 𝑦𝑦2−𝑦𝑦1
𝑥𝑥2−𝑥𝑥1
, 𝑥𝑥2 ≠ 𝑥𝑥1 
He demonstrated the definition with a diagram and explained that, geometrically, slope is 
rise over run of a line. Tyler made a connection with an SUV which is located at the top of a 




of its slope not defined and which makes sense from the fact that you cannot access the SUV 
without a rope. Kayla came to the board to show how she understood the SUV diagram. Tyler 
walked her through the diagram again.    
Episode 7 
Tyler asked students to find the slope of a line through the following pairs of 
points:1.  (−1,2), (3,4)    2.  (2,3), (2,4)   3. (−1,−2), (3,−2) 
Students worked individually while the instructor walked around and emphasized the 
formula for the slope. He instructed students to carefully label each point, substitute numbers in 
the formula, and include the signs of each number. Below is an excerpt of an exchange between 
Tyler and Juan:  
Tyler:   Did you label your points? 
Juan:   What do you mean? What do I need to label? 
Tyler:   Show me where your x1 and y1 are. 
Juan:   Does it matter which point I start? 
Tyler:  Great question! [Addresses to the whole class] Listen up folks, it 
does not matter with what point you start at, but make sure you are 
using the same subscript, x1 goes together with y1 and x2 goes 
together with y2. 
Juan:   Okay. I understand. Now what? 
Tyler:    Now you have to plug in the values into the slope formula. 
Juan:   [follows Tyler’s suggestion] 
Tyler:             Fix it [points to an error]! Be careful with the signs! 
 
Episode 8 
Tyler pulled the class together and stressed the importance of the slope formula. He 
emphasized that students should memorize the formula in order to succeed with questions that 
cover similar examples from the class on the final assessment. He stated that working out many 
similar examples would help students memorize this important formula. Tyler quickly reviewed 
the examples that students worked on individually by writing answers on the board. He assigned 





Description of Quantitative Literacy Lesson Taught by Tyler   
 
Topic: Linear Models 
 
Date: November 30th, 2015 
 
Full Lesson and Learning Objectives: See Appendix L 
 






































































1 30 Group Work 3 2.5 3 3 2.5 
2 15 Whole class  2.5 2.5 3 3 2.5 
3 20 Student 
Presentation 
3 3 3 2.5 3 
4 15 Whole class 2 2 2.5 2 2 
5 20 Whole class 
(Instructor 
Exposition) 
2 1.5 1.5 1.5 2 
Average   2.5 2.3 2.6 2.4 2.4 
 
Summary of Episodes: 
 
Episode 1 
The instructor started the class by writing lesson objectives on the board. Specifically, he 
wrote that the slope of a line and different representations of the linear model would be discussed. 
The instructor directed students to work in groups on questions 1 through 3 of problem situation 




group. Students started to discuss the first question. The instructor walked around, but did not give 
direct hints. The instructor approached one of the groups and asked: 
 Tyler:      Did you discuss first question. 
            Gene:      I was confused, so I just moved on. 
 Tyler:      Did you ask others in your group? 
            Gene:      We are all confused. 
 Tyler:      Read the problem again. What is it asking you? 
            Gene:      Which payment option do you think is better for Edgar? 
 Tyler:      Make a decision based on the presented information. If you were Edgar,                 
      which option would you choose, flat rate or commission? 
             Gene:     Of course flat rate! Because I know I will get my money. 
             Tyler:     Alright, ok… Do you all agree? Can you justify your answer with the  
      quantitative information given?  
              Megan:  Well, $500 a week is not bad!! 
   Tyler:     Okay, okay… What about the 3% commission rate, what does it mean? 
   Megan:  I will get 3% of what I sell. 
              Gene:     3% is nothing! They should give Edgar better commission… 
   Tyler:     Great, this is what we will explore in this lesson. You need to focus on  
       the numbers presented; this will help you to make right decision. You    
       can move on to the next question.  
 
The instructor visited every group. Three groups out of five had already moved on to question 2. 
One group started to diverge from discussion related to the lesson. Tyler noticed it and applied the 
same questioning routine outlined above.  
Instructor gave out a large “Post-it” to each group and offered 10 points extra credit to the 
group that could finish first and present their answers to questions 2 and 3 on the board. Tyler 
reminded students to look for key words. One student appeared frustrated and asked the instructor 
for help. The following exchange occurred: 
 Tyler:       How do you calculate the weekly commission salary? 
               Lauren:    I do not know! Please help me, I do not understand. 
 Tyler:      Okay. If you sell $1000 worth of goods, how do you calculate your commission? 
 Lauren:   You divide 
 Tyler:       Divide what? What does it say about commissions in a problem? Look in the 
book; it is       there! Go back and read.  
 Lauren:    It says, “A combination of a base salary of $200 per week plus 3% commission 




              Tyler:        Okay, so if you sell $1000 in one sale, what will be your commission?  
 Lauren:    $200  
 Mark:       No, I think it is 3%. 
 Tyler:        You are both right. It is a combination of a base salary and commission. 
Calculate the       commission. How do you find 3% of a $1,000 sale? 
 Mark:       0.03 times $1,000 
 Tyler:       Nice, good job! Now go ahead and fill out the table in question 2.   
 
Students proceeded with filling out charts for question 2. The instructor walked around to make 
sure students were doing the right thing. He helped another group which was struggling to calculate 
commissions. Then he asked students to put their work on large Post-its.  
Episode 2 
Students were asked to attach their Post-its to the wall around the classroom. All groups 
posted their work. Then the instructor asked Latisha to read the problem situation. Tyler asked 
another student to explain the meaning of commission work. Pamela explained: “Well it means 
you will get a flat rate of $200 regardless the number of sales you make. Then you make a 3% 
commission based on the amount of sales you make.” Tyler asked for examples of other situations 
that students might have encountered that deal with commission work. One student gave an 
example of getting a commission when you start working a new job. The class disagreed and called 
it a “bonus.” Another student gave an example of her working in a shoe store and getting an hourly 
wage plus 1% commission on the amount of sales from customers who mentioned her name at the 
checkout. The class agreed that this example was close to the one in the lesson. By the end of the 
discussion, students were in agreement on the meaning of commission work.  
Episode 3 
The representative of the group that finished first came to the Post-it and explained the 




representative of another group came out and explained the calculation for a $12,000 sales amount. 
The instructor followed up with a question: 
 Tyler:   So what is better, working for a commission or receiving a flat salary for  
   Edgar? 
 Shaun:  It depends. It might be one of those boutiques that no one goes to, so one  
   week he might not be able to sell anything and he will go home with only  
   $200. In this situation flat rate is better. 
 Tyler:   Okay! What if you work for a popular dealership selling expensive cars.  
   Then would you still choose flat rate? 
 Several students: No!  
 
The instructor complimented the entire class on good work. He asked the class for an equation that 
models the weekly commission salary work. Immediately, Tyler directed his question to Patricia. 
She stated the correct equation: 𝑆𝑆𝑆𝑆 = 200 + 0.03(𝑥𝑥). Then he asked for a reason for coming up 
with that equation. Students were confused by the question. Tyler clarified: 
 Tyler:      Imagine you work for a payroll office. You have many people working     
      in your company, all earning the same commission described in the  
      problem.  
 Patricia:  We can use this formula. We will plug in the amount of sales in x.  
 Tyler:      So, would you agree that this formula makes it easier to find your  
      salary? Or harder? Look if you work for Macys; they have many people 
       working in sales…so will it be easier when you have a formula? 
 Several students: Yes, easier.  
 
A representative of another group stated the formula for the weekly flat-rate salary. Brandon stated 
the correct formula: SF= 500 + 0(x). He explained that the amount of sales does not affect the 
salary. Tyler asked why the 0 is in the formula. Patricia explained again (even though she was not 
part of Brandon’s group). She stated that the question was asking for a formula and a formula must 
always have a variable and the number 0 shows that no commission is earned in this situation.  
Brandon added that the graph of this situation is a line which makes sense since there is no 




The representative of a group that did not participate explained the construction of the 
graph for the weekly commission salary. Susan explained how to plot each point. Tyler asked her 
to explain the meaning of the first point (0, $200). Susan struggled to answer. One of the students 
helped out and explained that this point represents the salary if no sales are made. Tyler went on 
to define this point as a vertical intercept. During his explanation he noticed one student not paying 
attention and talking to a classmate. Tyler stopped his explanation and asked student to move to a 
different group. He continued to explain that a line can have two intercepts: vertical (sometimes 
called the y-intercept) and horizontal (sometimes called the x-intercept).  
Episode 4 
The class moved on to question # 4. Tyler asked one student to read the question. Then he 
asked if students were able to figure it out. The following exchange occurred: 
Shaun:      My group thinks that a flat rate salary is better if sales are low. For example, if  
      Edgar does not sell anything, then he will only get $200 which is much lower     
      than a flat salary of $500.  
Tyler:       Do you guys agree? What do you think? [no response] Something is beautiful   
      is happening here [points on the graph where two lines intercept]. What is    
      happening here? 
Students:  What? 
Tyler:       Look at this graph [points at the commission salary]. It starts at $200 and it    
      increases. Then it reaches the other line. What is that other line? 
Students:  Flat Rate 
Tyler:       So what is happening here [points at the point of intercept]? Susan? 
Susan:      Lines cross 
Tyler:      What does this point mean? 
[students are unable to answer the question] 
Students had a hard time understanding the interception point. Tyler proceeded to write both 
equations on the board. Then he proceeded to set both equations equal to each other. Then he 
showed how to solve it. He explained that the answer represented the break-even point. If Edgar 





Episode 5:  
Tyler defined the meaning of slope using traditional algebra terminology. Given two 
points, (𝑥𝑥1, 𝑦𝑦1) and (𝑥𝑥2, 𝑦𝑦2). Slope is defined as 𝑚𝑚 =
𝑦𝑦2−𝑦𝑦1
𝑥𝑥2−𝑥𝑥1
. He drew a graph and demonstrated 
that slope is the “rise over run.” He asked students to identify the slope in problem situation 1. 
Students were unable to do so. Tyler gave a geometric representation that for every $4,000 in sale 
the salary goes up by $120. He writes this as a fraction: $120 𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖𝑖𝑖𝑎𝑎𝑖𝑖𝑖𝑖 𝑚𝑚𝑚𝑚 𝑖𝑖𝑎𝑎𝑠𝑠𝑎𝑎𝑖𝑖𝑦𝑦
$4,000 𝑚𝑚𝑚𝑚𝑖𝑖𝑖𝑖𝑖𝑖𝑎𝑎𝑖𝑖𝑖𝑖 𝑚𝑚𝑚𝑚 𝑖𝑖𝑎𝑎𝑠𝑠𝑖𝑖𝑖𝑖
= 0.03 = $3
$100
 . He 
asked students if they saw a connection between this fraction and the description of commission 
salary. Students recognized the 0.03 as 3% commission. The instructor defined it as a constant rate 
of change or slope. The lesson finished with the instructor asking students to attempt problem 






























Quantitative Literacy Lesson: Linear Models 
 
This lessons is the first lesson in module 4 of the curriculum. There are total of 4 modules each 
containing 5 to 6 lessons. This lesson is an alternative version to the one presented in Appendix 
G.  
 
Specific objectives:  
 
Students will understand that  
● linear models are appropriate when the situation has a constant increase/decrease. 
● slope is the rate of change. 
● the rate of change (slope) has units in context. 
● different representations of a linear model can be used interchangeably.  
Students will be able to  
● label units on variables used in a linear model. 
● make a linear model when given data or information in context. 
● make a graphical representation of a linear model. 
● make a table of values based on a linear relationship. 
● identify and interpret the vertical intercept in context. 
Full Lesson:  
In this lesson, you will learn about how linear models (linear equations in context) can be useful 
in examining some situations encountered in real life. A model is a mathematical description of 
an authentic situation. You can also say that the mathematical description “models” the situation. 
You will practice using the four representations you read about in the OCE to express the linear 
models for two situations. 
 
PROBLEM SITUATION 1: FLAT RATE SALARY VS. COMMISSION ON SALES 
For employees in the sales industry, compensation practices vary. Some companies only pay 
their employees a flat rate salary, while others pay out only commission on sales. However, most 
companies that pay employees in commission on sales also pay out some flat rate salary.  
Edgar is a part-time student majoring in art. Recently he was hired as a full-time salesperson in a 
store that sells pictures and other decorative wall art. Edgar will work in the department that sells 
large wall art. All items in this department range from $100 to $1,000 in price. The manager of 
the store lets Edgar choose between two different ways he can get paid: 
• Commissions on Sales (SC): a combination of a base salary of $200 per week plus 3% 
commission on each sale.  





(1) Which payment option do you think is better for Edgar? Explain your answer. 
(2) Option 1: Commissions on sales (SC). 
(a) Calculate Edgar's weekly payment if he chooses the combination option for the following 
amount of sales.  














x 𝑆𝑆𝑆𝑆 = 
 
(b) Build the linear model for the commission option. Let SC= weekly commission salary 
and x= amount in weekly sales 
𝑆𝑆𝑆𝑆 = 
 
(3) Option 2: Flat Rate (SF). 
(a) Calculate Edgar's weekly payment if he chooses the flat rate option for the following 
amount of sales.  




















(a) Build the linear model for the flat rate option. Let SF= weekly flat rate salary and x= 
amount in weekly sales 𝑆𝑆𝑆𝑆 = 
(4) Graph the data from the tables in (2a) and (3a). Be sure to include scales and labels on the 
axes. Let the horizontal axis represent the amount of sales and the vertical axis represent 
the weekly total payment.  
(5) Under what circumstances should Edgar choose the flat rate option? Be specific using precise 
quantitative information.  
Both mathematical relationships in the example above with Edgar are linear relationships 
because when graphed they make straight lines (Linear comes from the Latin word linea, which 
means a line). All linear relationships share some important characteristics.  
 
(6) What characteristics do you think all linear relationships share and how might you name 
these characteristics? Discuss this in your group and prepare to share with the class. 
My Characteristics of Linear Relationships 
 
PROBLEM SITUATION 2: METROCARD 
You have two options when purchasing a MetroCard in New York City. Your first option is to 
buy an unlimited MetroCard, where you buy an unlimited number of subway and bus rides for a 
flat rate price. You can choose between either a 7-Day or a 30-Day unlimited MetroCard. 
Currently, the cost of a 7-Day unlimited MetroCard is $31, while the 30-Day unlimited 
MetroCard is $116.50. Your other option is to buy a regular, Pay-Per-Ride MetroCard, where 
you can purchase a MetroCard for as many rides as you want. In 2015 the fare for subway or 
local bus ride was $2.75. If you buy a regular MetroCard and put at least $5.50 on the card, then 
you automatically get an 11% bonus added onto the MetroCard. 
 
In addition to the amount of money you decide to spend on either the unlimited or regular 
MetroCard, there is also a charge of $1.00 for the purchase of any new MetroCard. Fortunately, 
by refilling and reusing your current MetroCard, you can avoid this additional fee. 10 
 
Francisco usually buys an unlimited MetroCard each month. However, his friend Manjula says 
that he doesn’t take the subway enough to justify an unlimited ride MetroCard. Francisco takes 
the subway to work and back each weekday. He also takes the bus out to visit his parents every 
Sunday, but his Dad usually drives him back to his apartment in the city.  
 
One way to decide if Pay-Per-Ride MetroCard is a better deal is to consider Francisco spending 
the cost of the Unlimited MetroCard on a Pay-Per-Ride MetroCard and determine if it would last 
him for 30 Days.  
 
 





(1) Without using your calculator, estimate the balance on the Pay-Per-Ride MetroCard if 
Francisco deposits $116.50 onto it (HINT: You get a bonus when you purchase Pay-Per-Ride 
MetroCard. Also assume Francisco is reusing his old MetroCard to avoid $1 fee) 
 
(2) Estimate if this MetroCard would last Francisco 30 days (HINT: On average, there are 22 weekdays in 
any period of 30 days) 
 
(3) Using your calculator, find the exact balance on the Pay-Per-Ride MetroCard mentioned above and 
use it to calculate the remaining balance after 0, 1, 2, 3 rides.  
(4) Construct a linear model with R representing the remaining amount of money on this Pay-Per-Ride 
MetroCard after each ride. R= 
(5) Using the model obtained in the previous question, fill out the table below.  
Number of Rides (n) Amount remaining on the card (R) 
0  
5  
(6) Graph the data from table above. Be sure to include scales and label axes. Let the horizontal axis 
represent the number of rides and the vertical axis represent the amount of money remaining on 
the card. 
(7) Will the card last for the period of 30 days? What MetroCard would you suggest Francisco to buy? 
Explain your answer.  
(8) Review, as a class, the characteristics that all linear models share and write them in the space below. 
 
Mathematical Terms of Characteristics of Linear Relationships 
 
Use the mathematical terms discussed above to answer the following questions. 
 
(a) What is the rate of change for the model? What does it mean in the context of the problem 
situation? Be sure to include units. 
(b) Indicate on your graph one of the vertical intercepts. What is the meaning of it in the context of 
the problem situation? 
(c) Does the model have a horizontal intercept? If so, circle the horizontal intercept and explain the 
meaning of it in the context of the problem situation? 
MAKING CONNECTIONS 






Description of Elementary Algebra Lesson Taught by Julie   
 
Topic: Linear equations in one variables 
 
Date: September 28th , 2015 
 
Learning Objectives:  
 
• Check the solution to an equation by substitution. 
• Use the addition property of equality to solve an equation. 
• Use the multiplication property of equality to solve an equation. 
• Solve a linear equation in one variable. 
 
Outline of the lesson: 
• Give definition of linear equation in one variable: 𝑎𝑎𝑥𝑥 + 𝑏𝑏 = 0,𝑤𝑤ℎ𝑒𝑒𝑒𝑒𝑒𝑒 𝑎𝑎 ≠ 0 Example: 
2x+3=5 
• Discuss properties of equality 
• Demonstrate addition property using example: 𝑥𝑥 + 3 = 5 
• Demonstrate multiplication property using example: 2𝑥𝑥 = 3 
• Combine properties and introduce distributive property (problems were not prepared prior 
to the lesson. Instructor came up these problems during the class). Examples covered:  
1. −3𝑥𝑥 + 6 = −5 
2. 2𝑥𝑥 + 3𝑥𝑥 + 2 = 5𝑥𝑥 + 5 − 3 
3. −2(𝑥𝑥 − 1) = −2𝑥𝑥 + 3 
4. 2𝑥𝑥 + 3𝑥𝑥 − 6𝑥𝑥 = 0 
5. 𝑥𝑥 − 2 = 𝑥𝑥 − 1 
6. 𝑥𝑥 − 1 = 𝑥𝑥 − 1 




8. −2(𝑥𝑥 − 1) − 𝑥𝑥 = 5𝑥𝑥 − 8𝑥𝑥 + 3 − 5 
9. −3(𝑥𝑥 + 1) − 5𝑥𝑥 + 3 = 28 − 1 
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1 15 Launch/Teacher 
Exposition 
1.5 1 2 1 1.5 
2 15 Teacher 
Exposition 
2 1 1.5 1 1.5 
3 15 Whole Class 2 1.5 2 2 1.5 
4 10 Student 
Presentation 
2 2 1.5 2 1 
5 15 Whole Class 1.5 1.5 2 2 1 
6 15 Whole Class 2 2 2 1 1 
7 10 Whole Class 2 1.5 2.5 2 1.5 
Average   1.85 1.5 1.92 1.57 1.29 
 
Summary of Episodes: 
 
Episode 1 
At the beginning of the class Julie gave a definition of a linear equation in one variable. 
She made a clear distinction between an algebraic expression and an equation. The following 
exchange occurred: 
Julie:  Do you remember the type of problems we covered last class? 
[writes an example: find the value of 2𝑥𝑥 − 5 𝑤𝑤ℎ𝑒𝑒𝑒𝑒 𝑥𝑥 = 3]. What 
does it mean? Instead of x, we substitute…what? 
                                                      
11 Each dimension was assigned a score from 1 to 3 with 0.5 increments for each episode. A higher score indicates 




Several students: 3 
Julie:   Yes, 3! Jamie, what if instead of 3, I put 5? Can I do that? 
Jamie:  Yes, sure. 
Julie:                Exactly. If I want I can put 5, 7 or any other number. Ralda, x can 
take .. what? [Ralda does not answer] Yes, it can take any number. 
This is what we did the other class. You see when you do operations 
with numbers it is called what? 
Ralda:   Math? 
Julie:               Yes, but what type of math? [Students are silent]. It is called pre-                           
algebra.  But when you introduce a variable, it is called what? 
Anthony:  Algebra? 
Julie:  Yes, algebra. In this chapter of the book, we are transitioning to 
algebra.  
 
 The instructor asked students questions as she was explaining. Julie went on to explain 
that algebra is a branch of mathematics, just like geometry, that originated many centuries ago and 
plays an important role in mathematics. Then she gave the definition of an equation in one variable. 
She wrote on the board: “An equation is the equality of two algebraic expressions.” Underneath 
she wrote the general form of an equation: 𝑎𝑎𝑥𝑥 + 𝑏𝑏 = 𝑐𝑐,𝑤𝑤ℎ𝑒𝑒𝑒𝑒𝑒𝑒 𝑎𝑎 ≠ 0 
She asked the class how many unknowns the equation has. One student replied that the 
equation had three variables. Julie reminded them that letters a, b and c represent real numbers and 
explained that the only variable this equation has is x. She also mentioned that variable x has an 
exponent of 1 and, therefore, this type of equation is a first  degree equation. Students were very 
quiet. Julie continued to describe formal terms such as first order equation, linear equation, and 
equation in 1 dimension. She described the difference between a one dimensional line and a two 
dimensional area. Students remained quiet, and participation was limited to brief responses.  
Episode 2 
Julie demonstrated the addition property of equality in this episode. She used an equality 
with two numbers and demonstrated that equality would remain true if the same number were 




the balance scale where one must place equal weights on both sides to maintain the balance. During 
the entire lesson, Julie wrote definitions and steps on the board. For instance, in this episode, she 
wrote, “Solving an equation means getting the variable by itself or getting it alone.” She used the 
term “additive inverse” when applying the additive property of equality. Then she suggested that 
students check their answers when solving linear equations as checking is particular important for 
the final assessment for the course. She said that students would feel confident in their answer 
when they checked the solution and saw that it worked.  Julie then showed an example, x+3=5, 
emphasizing the properties just discussed and checking the answer. She asked the students whether 
the solution obtained was unique, infinite, or nonexistent. This was the first time these terms were 
used. Students were silent, and Julie stated that when solving linear equations there were three 
possibilities for the answer. The answer just obtained was unique.  
Episode 3 
Julie demonstrated the multiplication property of equality in this episode. She used the 
example: 2𝑥𝑥 = 3.  Here how Julie presented this problem: 
Julie:                   Let’s go back to our equation: 2x=3. This method is what you           
actually  use. What was the opposite of addition? 
Several students: Subtraction 
Julie:   What is the opposite of subtraction? 
Several students: Addition 
Julie:                    Now, what do we have here [pointing to the term 2x]? It is       
multiplication. What is the opposite of multiplication? 
Several students: Division 
Julie:                   That’s right! Division. We are dividing here. What do we need to 
get rid of here? 
Marsha:  We need to get rid of x. 
Julie:                  No, we need to get x alone. So we need to get rid of 2. So we 
divide both sides by 2.  
 
She mentioned that students tend to make many errors when dealing with fractions and 




answered it herself. Then she demonstrated that multiplying both sides of the equation by ½ 
produces the same result. She reviewed how to multiply an integer and a fraction. She showed how 
to convert the answer to a mixed number and a decimal. Then she showed another method of 
solving the problem. Julie asked students if they understood this method. Some students responded 
in agreement.  
Then she presented an example of a problem combining both properties: −3𝑥𝑥 + 6 = −5. 
She re-emphasized that the goal of solving a linear equation is to get the variable by itself.  She 
asked someone to explain the steps for solving the equation. The following excerpt describes how 
the problems was discussed:  
Julie:         Where do you start? 
  Kamila:     You first subtract 6 from both sides. 
  Julie:          Yes, subtract 6. But I am little confused, do you just subtract 6? 
  Kamila:     No, you also bring -3x down. 
  Julie:         Okay, good! And what do you get on the right?  
  Kamila:     You get 1. 
  Julie:          Do you guys agree?  
  Several students: No 
Julie:          Remember, if you are confused, you can write subtraction horizontally.           
So what do you get? 
  Several students: You get -11.  
  Julie:         Are we done?  
  Several students: No. 
  Julie:        Put your variable in some circle or rectangle to remember that you are 
solving for it. So what do you do next, Kamila? 
  Kamila:     Divide by 3. 
 
At the end of the episode, Julie reminded students about the computerized final assessment 
and how careful students needed to be not to make errors with signed numbers.  
Episode 4 
Julie put another problem on the board: 2𝑥𝑥 + 3𝑥𝑥 + 2 = 5𝑥𝑥 + 5 − 3. Julie gave some time 
for students to work on this problem. She walked around and helped some students. During the 




5𝑥𝑥 + 2 = 5𝑥𝑥 + 2, and he did not know how to continue. Julie thanked the student and picked up 
from where he left off.  She showed how the variable term canceled and the equation resulted in a 
true statement (2=2). She explained that no matter what value is used for x, the equation results in 
a true statement and therefore there are infinitely many solutions to this equation. 
Episode 5 
Julie presented a problem that required use of the distributive property: −2(𝑥𝑥 − 1) =
−2𝑥𝑥 + 3. The instructor started to go over the problem right away. She asked what property was 
required and one student responded, “distributive property.” Julie continued with a demonstration 
of a solution. The problem resulted in a false statement. Julie explained that no matter what value 
of x is chosen, this equation will always result in a false statement. Therefore, this equation has no 
solutions. Here is the excerpt from this discussion: 
Julie:  What do you think needs to be done here? How do you start 
[points to the equation]? 
Several students: We need to multiply 
Julie:   Multiply what? By what? Be specific 
Daniel:             2 times…2 times -1 
Julie: Excellent Daniel! You mean to say -2, right? [Daniel confirms]. 
Does anyone know the name of the property we are using? 
Two students: Distributive?  
Julie:  That’s right! Very good guys, you are very smart. This is a very 
important property, we must distribute -2 to x and -1. Okay, so we 
get  −2𝑥𝑥 + 2 = −2𝑥𝑥 + 3. Then what? [Students are puzzled]. 
Come on guys! What can you do to get x by itself? Can we start 
with -2x, what can we do it?  
Shaun:              Add 2x 
Julie:  Yes, very good! Add 2x to both sides. Okay, we get 2=3. This is 
interesting! What does it mean? 
Several students: We get many solutions 
Julie:                Hmm. This result is different from the one before. Here we get 
false statement. False stamen means that we have no solutions.  
 




Then Julie demonstrated the solution for 2𝑥𝑥 + 3𝑥𝑥 − 6𝑥𝑥 = 0. Here she made a distinction 
between a/0 and 0/a. She asked students to write that division by 0 always produces an answer that 
is not defined while taking 0 and dividing it by any number will always result in 0. She then 
demonstrated solutions to the following equations: 𝑥𝑥 − 2 = 𝑥𝑥 − 1 and   𝑥𝑥 − 1 = 𝑥𝑥 − 1.   
She gave some time to solve the next example,−5𝑥𝑥 − 5 = 0. One student volunteered to 
show her work on the board. The student showed the correct solution, but she was not asked to 
explain her answer. Julie described the solution herself.  
Episode 6 
In this episode Julie stated that the problem that they were about to do often appeared on 
the final uniform assessment and that, therefore, it was important that students could do it. The 
excerpt below describes how the equation, −2(𝑥𝑥 − 1) − 𝑥𝑥 = 5𝑥𝑥 − 8𝑥𝑥 + 3 − 5, was presented: 
Julie:  You can simplify this problem right from the beginning. For 
example, look at the right side; how can you simplify it? Jenna, tell 
me; stop writing darling and tell me, what can you do on the right 
side? What is 5x-8x? 
  Jenna:   -3x  
  Julie:   Gorgeous! Right. How about 3-5, Dale? 
  Dale:   -2 
  Julie:   Right, excellent! Hanna, what do I do with the other side, tell me.  
  Hanna:  We multiply -2 times x. 
Julie:  Then what? [Hanna is puzzled] Then you multiply -2 time -1. What 
is negative times negative? Remember on the final assessment they 
will have many questions where you would need to deal with signs, 
so it is very important. So Hanna, tell me, come on. 
  Hanna:   2 –x = 5x … 
  Julie:   We already simplified, make it shorter 
  Hanna:   Oh yeah…= -3x-2 
    [Julie then proceeds solving the problem] 
 
Episode 7 
Julie wrote a problem on the board,−3(𝑥𝑥 + 1) − 5𝑥𝑥 + 3 = 28 − 1. She gave about 3 
minutes for students to solve it. During this time Julie did not walk around but, rather, let students 




asked a volunteer to explain it, but she did not get a response. One student eventually volunteered 
to explain steps while Julie wrote them. The student was not able to finish the problem. Julie took 





Description of Quantitative Literacy Lesson Taught by Julie   
 
Topic: Blood Alcohol Content – Introduction to linear equations in one variable 
 
Date:  November 16th, 2015 
 
Full Lesson and Learning Objectives: See Appendix O 
 






































































1 20 Lunch – Teacher 
Exposition 
1.5 1.5 1.5 1.5 1.5 
2 15 Whole Class 
discussion  
1.5 1.5 2 1 1.5 
3 15 Group Work 1.5 2 2 2 1.5 
4 20 Group Work and 
whole class 
2 1.5 2 1.5 2 
5 20 Whole Class  1.5 1.5 1.5 1 1.5 
Average   1.6 1.6 1.8 1.4 1.6 
 
Summary of Episodes: 
Episode 1 
Julie began the lesson with an example of a linear equation, 𝑥𝑥 + 3 = 5. She explained that 
in this lesson they would need to know how to solve equations of this type. Then she discussed the 
addition and multiplication properties of equality that must be used to solve linear equations. She 




equality, the same thing must be done on the opposite side. The goal, she explained, is to get the 
variable, or unknown, by itself. Julie involved her students by constantly asking questions such as: 
“What are we solving for here?”, “What is the variable here?,” “What do we mean by the 
variable?,” “What is the answer here?,” and  “Why do I have to subtract on both sides?”  Students 
appeared to follow the discussion. Several students called out answers. Students who called out 
answers appeared to know how to solve basic linear equations already.  
Then Julie asked students to look at a problem in the “Further Applications,” section at the 
end of the lesson (see Appendix O). She asked how the problems in this section were different 
from the ones they just completed. One student said that the variable x is given. Julie agreed and 
quickly demonstrated how to solve both equations presented in the section. She stated that in the 
lesson they were about to do, they would see a harder equation but mathematically it would be 
similar to the ones that they just went over.  
Then she quickly mentioned that when there are two variables, solutions can be visualized 
as points. These points form a line, and every line has a form 𝑦𝑦 = 𝑚𝑚𝑥𝑥 + 𝑏𝑏 where the number in 
front of x represents a slope. If this number is positive, then the line will go up, and if number is 
negative, then the line will go down.  
At the end of the episode, Julie emphasized the difference between substituting and solving. 
She stated that students would lose points on the exam if they did not recognize this difference. 
Episode 2 
Julie gave out a handout with a situation of a woman who had a weight of 140 lbs. and who 
had 3 standard drinks and who is trying to figure out when it would be legal for her to drive. 




content as time went by. A student replied that it would decrease. Julie mentioned that this would 
be the topic of the lesson. Julie did not discuss the meaning of term “BAC” and “standard drink.” 
Then Julie pointed out the formula in the lesson that is used to determine a person’s BAC. 
She then asked Jeremy to read the problem situation. While the student was reading, Julie wrote 
the equation on the board. Once the student finished reading the problem situation, Julie began 
discussing it. Excerpt below illustrates this discussion:  
 
Julie:  Look at the formula guys, what do you see right after the equal  
sign? 
  Vanessa:  Negative sign. 
                        Julie:    Right negative! What if it had positive sign, would it mean the 
same thing? 
  Leo:   No, it is not going to be the same thing.  
Julie:  It makes sense; remember we said earlier, negative sign means 
that it will go down. If you drink, your blood alcohol content will 
go up, then as time goes by it will go down. Now let’s look at the 
right side of the equation. Why is “N” there? Why is “g” there? 
            Another student: N is number of people?  
Julie:  It is the number of drinks, you see it needs to be at least 1. If it is 0 
why would you take the test? Now why is “t” there? 
                       Another student: Number of hours 
Julie:  That’s right; it needs to be positive. If it is negative, we cannot go 
down in time. Now why are “W” and “g” there? 
  Leo:   It is a weight.  
  Julie:   Okay, tell me more. If person weights more or less… 
  Leo:   Metabolism is different. Some process alcohol fast.  
  Julie:   Okay, yes, weight is important. What about “g”?  
  Laura:   Men can drink more. 
Julie:  Yes, you have to be careful when using this equation, All variables 
are important here. Okay now I want you to start computing, go on 
to the next problem and work together.  
 
Episode 3 
Students worked in groups. Another group of 3 students was formed. Julie helped one 




class that when working on problem 2 they needed to substitute the information given and then 
simplify their answer by using a calculator. Julie continued to walk around and assist students. 
Students appeared to work together and stay on task.  
Episode 4:  
Julie asked the whole class what was needed for question #3. Leo answered that the number 
of hours needed to be substituted into the formula. Groups continued to work on question # 3. 
Students were actively engaged, discussing the problem with each other. The instructor continued 
to walk around and help students. One group finished the problem and started to discuss a topic 
not related to the lesson. Julie noticed it and told that group to move on to the next question.  After 
all groups finished, Julie pulled the class together and asked what students noticed about the blood 
alcohol content (BAC) as time was increasing.  Students realized that BAC decreases as time 
increases. Students moved on to question 5 (question 4 was skipped). Two students in one group 
were discussing the way to find the time when BAC reaches the legal limit. By observing that in 
a previous problem the BAC decreased from a value higher than 0.08 to a value lower than 0.08 
in between 1 and 2 hours, one student argued that it would reach 0.08 in some time between 1 and 
2 hours. His partner suggested that it would happen at 1.5 hours. Both students agreed. Student 
shared this idea with instructor, Julie acknowledged the method, but asked to think of the algebraic 
solution. This idea was not explored later. Other groups were struggling with this question. Julie 
explained that this problem could be solved using an equation, and she wrote on the board: 
0.08 = −0.015𝑡𝑡 + 0.104 
Then Julie told the students to remember the steps to solve linear equations which they discussed 




solving equations means isolating the variable. She helped extensively with every step to find a 
solution.  
he following excerpt describes how Julie assisted one of the groups: 
Julie:               [approaching one of the groups] How are you guys doing here? 
Do you know what to do? 
Group members: No, we have no idea. Please help us, professor. 
Julie:               We can solve it exactly the same way as we solved the equation at 
the beginning of the lesson. What can we do first? 
Group members: Divide ? 
Julie:   Divide by what? 
Carlos:            0.015 
Julie: If we divide by -0.0125 then we would need to divide 0.104 by it as 
well. Remember, what are we solving for? 
Group members: t 
Julie:  Yes, of course. We need to get t by itself. So first step you so is 
subtract 0.104 from both sides. We get  −0.024 = −0.015𝑡𝑡. Write 
it down. Now what? 
Carlos:            Divide by t? 
Julie:              Okay. We are looking for t, so we want to get rid of -0.015. So how 
can we do that? 
Vanessa:        Add 0.015 
Julie:             No. -0.015 is multiplied by t, since it is written next to t. what is the 
opposition of multiplication? 
Group members: Division 
Julie:               Yes, very good. We divide by -0.015, write it down, on both sides. 
Carlos, what do we get? 
Carlos:            1.6 
 Episode 5 
Students were discussing the meaning of the solution, t=1.6 hours. Students were having 
difficulty converting this time into minutes. Julie told the students that it is important to make an 
educated guess if they do not know the exact steps to solve a problem. For instance, when looking 
at 1.6 hours, one can see that it is more than 1 hour and ½ since ½ an hour can be expressed as the 
decimal 0.5. She asked students what ½ means and they told her it is 30 minutes. Julie said that 




Then Julie demonstrated a way to convert this time to minutes using a proportion. This 
method was not covered in her class at that time. The topic of proportions appears in the curriculum 
right after this lesson.  The class did not cover question 5(b) and 6. Class time ran out. Julie finished 
the lesson by giving a summary of the topic that was covered and how it was related to the algebra 
that students experienced in their past. She used algebraic terminology to tell students that they 
were solving linear equations in which one variable was unknown. They used “inverse properties 





Quantitative Literacy Lesson: Introduction to Linear Equations in one variable 
 
This lessons is the forth lesson in module 3 of the curriculum. There are total of 4 modules each 
containing 5 to 6 lessons.  
 
Specific objectives:  
Students will understand that 
• addition/subtraction and multiplication/division are inverse operations.  
• solving for a variable includes isolating it by “undoing” the actions to it. 
Students will be able to 
• solve for a variable in a linear equation. 




Blood alcohol content (BAC) is a measurement of how much alcohol is in someone’s blood. It is 
usually measured as a percentage. So, a BAC of 0.3% is three-tenths of 1%. That is, there are 3 
grams of alcohol for every 1,000 grams of blood. A BAC of 0.05% impairs reasoning and the 
ability to concentrate. A BAC of 0.3% can lead to a blackout, shortness of breath, and loss of 
bladder control. In most states, the legal limit for driving is a BAC of 0.08%.12 
BAC is usually determined by a Breathalyzer, urinalysis, or blood test. However, Swedish 
physician, E.M.P. Widmark developed the following equation for estimating an individual’s 
BAC. This formula is widely used by forensic scientists13 and is  
𝐵𝐵 = −0.015 ∙ 𝑡𝑡 + �
2.84 ∙ 𝑁𝑁




B = percentage of BAC; 
N = number of “standard drinks” (A standard drink is one 12-ounce beer, one 5-ounce glass 
of wine, or one 1.5-ounce shot of liquor.) with N being at least 1; 
W = weight in pounds; 
g = gender constant, 0.68 for men and 0.55 for women; and 
t = number of hours since the first drink. 
                                                      
12Retrieved from http://en.wikipedia.org/wiki/Blood_alcohol_content. 




(1) Looking at the equation, discuss why the items on the right of the equation make sense in 
calculating BAC. 
(2) Consider the case of a male student who has three beers and weighs 120 pounds. Simplify the 
equation as much as possible for this case. What variables are still unknown in the equation? 
 
(3) Use your simplified equation from (2) to answer the following 
(a) Find the estimated BAC for this student one, three, and five hours after his first drink.  
 
(b) What patterns do you notice in the data? 
(4) Discuss with your group how you arrived at the BAC values mathematically. For example, 
did you multiply, add, subtract, etc., and what did you do first? Outline the steps that you 
took t 
(5) (a) How long will it take for this student’s BAC to be 0.08, the legal limit?  
(b) How long will it take for the alcohol to be completely metabolized resulting in a BAC of 
0.0? 
(6) A female student, weighing 110 pounds, plans on going home in two hours. Using the 
formula above, the simplified equation for this case is  




(a) Compare her BAC for one glass of wine versus three glasses of wine at the time she will 
leave. 
(b) In this scenario, determine how many drinks she can have so that her BAC remains less 
than 0.08. 
MAKING CONNECTIONS 
Record the important mathematical ideas from the discussion. 
FURTHER APPLICATIONS 
(1) Solve the following equation for the values given in Parts (a) and (b). In each case, write the 
steps you used as you did in Question 4 from the lesson. 
y = −4x – 2 
(a) Solve for y if x = −3. Write your steps. 






Student Learning Outcomes of Quantitative Literacy Course at UCC 
I. Quantitative Reasoning Learning Outcomes 
1. Students will demonstrate quantitative reasoning to analyze problems, critique 
arguments, and draw and justify conclusions using the following skills and concepts: 
 
Q.1   Performing arithmetic operations 
Q.2   Using proportional reasoning, geometric concepts of area and volume, statistical 
and probabilistic reasoning 
Q.3   Understanding how quantities change including, but not limited to multiplicative vs. 
additive and relative vs. absolute 
Q.4   Estimating both in terms of mathematical calculations, and in contexts where 
estimation of values is essential because exact measures are unknown 
Q.5   Making comparisons based on relative magnitude 
Q.6   Understanding the magnitude and representations of numbers 
Q.7   Understanding and using concepts of measurement:  units, precision, accuracy, 
error 
Q.8   Creating and using models (tables, words, graphs and equations) of real world 
situations 
Q.9   Checking answers and determining the reasonableness of results  
Q.11 Reading and interpreting quantitative information from a variety of real-world 
sources  
Q.12 Knowing where to find relevant data and how to evaluate its appropriateness for 
purpose and validity of source 
Q.13 Organizing and translating between and among various representations of 
quantitative information 
Q.14 Analyzing and using quantitative information to support an argument 
         Q.15 Recognizing, making and evaluating quantitative assumptions 
 
2. Students will communicate quantitative results in writing and orally using appropriate 
language, symbolism, data and graphs. 
3. Students will use technology appropriately as a tool, including using computers and the 
internet to gather, research and analyze quantitative information, using spreadsheets, data 
simulations and other appropriate technology, and knowing when and how to use 
calculators appropriately. 
4. Students will exhibit confidence in quantitative reasoning through perseverance and 
ability to transfer prior knowledge in unfamiliar contexts 
 
II. Mathematics Learning Outcomes 
1. Numeracy: Students will develop and apply the concepts of numeracy to investigate and 
describe quantitative relationships and solve problems in a variety of contexts. Therefore, 
students will be able to: 
N.1 Demonstrate operation sense and communicate verbally and symbolically the effects 
of common operations on numbers. 




of place values, fractions, and numbers written in scientific notation.  
N.3 Use estimation skills, knowing how and when to estimate results and to what 
precision, to solve problems, detect errors, and check accuracy.  
N.4 Apply quantitative reasoning to perform calculations in applications involving 
quantities or rates. 
N.5 Demonstrate measurement sense. 
N.6 Demonstrate an understanding of the mathematical properties and uses of different 
types of mathematical summaries of data (e.g., measures of central tendency) and 
mathematical models. 
         N.7  Read, interpret, and make decisions based on data from graphical displays (e.g., line 
graphs, bar graphs, scatterplots, histograms). 
 
2. Proportional Reasoning: Students will represent proportional relationships and solve 
problems that require an understanding of ratios, rates, proportions, and scaling. 
Therefore, students will be able to: 
P.1 Recognize proportional relationships from verbal and numeric representations. 
P.2    Compare proportional relationships represented in different ways. 
            P.3  Apply quantitative reasoning strategies to solve real-world problems with 
proportional relationships based on an understanding that derived quantities can be described 
with whole numbers, fractions, or decimals, or in a combination of these, and that to fully 
explain these relationships, units must be used. 
 
3. Algebraic Reasoning: Students will reason using the language and structure of algebra to 
investigate, represent, and solve problems. Therefore, students will be able to: 
A.1 Understand various uses of variables to represent quantities or attributes.  
A.2 Describe the effect that a change in the value of one variable has on the value(s) of 
other variables in the algebraic relationship. 
   A.3   Construct and use equations or inequalities to represent relationships involving one or                                                         
more unknown or variable quantities to solve problems. 
 
4. Modeling using Functions: Students will represent relationships between quantities in 
multiple ways and solve problems that require an understanding of functions. Therefore, 
students will be able to: 
F.1 Translate problems from a variety of contexts into a mathematical representation and 
vice versa. 
F.2 Describe the behavior of common types of functions using words, algebraic symbols, 
graphs, and tables. 
F.3 Identify when a linear model or trend is reasonable for given data; when a linear model 
does not appear to be reasonable, know how to explore the applicability of other 
models. 
F.4 Identify important characteristics of functions in various representations. 
F.5 Use appropriate terms and units to describe rate of change.   
F.6 Understand that abstract mathematical models used to characterize real-world  scenarios 






 Appendix Q 
Omitted Cases 
 




Fred earned his bachelor’s degree in mathematics education and master’s degree in 
curriculum and Instruction. As part of his undergraduate work, Fred earned teacher certification 
for teaching in secondary school. He worked for two years in school before starting teaching in 
community college. Fred worked at UCC for seven years teaching mostly developmental 
arithmetic and algebra, he has also taught pre-calculus, calculus and math for nursing. Fred was 
recently hired as a full-time lecturer. As other participants in this study, Fred completed the 
workshop focused on teaching and pedagogy offered by the mathematics department. He has not 
participated in any other professional development workshops besides the training to teach 
quantitative literacy course. He believes that new faculty are left unsupported when they start 
teaching at UCC and he tries to offer his help to new hires.  
Fred was assigned to teach developmental arithmetic course his first semester, the lowest 
level of mathematics that UCC offers. Fred had hoped to teach credit bearing courses and, at the 
beginning, had low expectation of his students. However, as semester progressed, he noticed the 
potential in his students and opportunities that this course offered: students who had very limited 
mathematics are given the opportunity to acquire skills needed to progress through developmental 
sequence and eventually start the coursework for their majors.  
It is very important to teach them the basics, it allows them to move on to the algebra class 
and then to the credit bearing class. You can see that they can be successful, they just need 
support and motivation. So, the work I do is worth it! I love it [arithmetic course] now. I 






Fred’s beliefs about learning and teaching mathematics  
Fred believes that instructors should adopt their teaching in a way that is more accessible 
to students.  
If a student cannot learn the way we teach, we have to teach the way they learn. We need 
to listen and observe our students. When I put an example on the board, I will stop to see 
students’ reaction before continuing to get a sense is students have seen a problem before 
and know how to solve it. Then I will get them a chance to do the problem and in meantime, 
I would walk around and see if they know how to do it.  
He tries to assess students often using short quizzes. If students do not perform well, then Fred 
would revisit the topic and explain important points again. He believes in repetition.  
  
 I told my students that what I teach in the class is the same as what you are going to 
see on the homework assignments and the home assignments are going to be similar 
to problems on quizzes and tests.  
 
 According to Fred, students should understand enough to complete homework assignments 
and by showing representative examples this can be achieved. It is also important to ask students 
questions to get insight on what they are thinking and use their responses to guide the lesson 
flow.  
Students’ anxiety and engagement 
 
The lack of prerequisite mathematics knowledge makes it harder for certain students to 
follow the lesson and achieve the learning outcomes. The topics covered in remedial algebra course 
is similar to the topics covered in algebra courses students took in High School. Many students did 
not manage to well and this reinforces the anxiety once they encounter the same topics again. 
Students are also not engaged in remedial algebra because they need someone to motivate them 
and make them realize that they are capable to succeed. It is important that instructor is patient and 
builds a trustworthy relationship with the students and, therefore, Frank learns students’ names as 




Fred also believes that collaboration promotes engagement. If students get to explain their 
reasoning to their peers, then greater learning occurs in the classroom. The content that is covered 
plays role as well. Routine problems that are not connected to application can be disengaging to 
students. Fred believes that picking application problems from the textbook that link word 
description with algebraic expressions makes topic more interesting and meaningful for students.  
Addressing students’ struggle 
 
  Fred explains that he can see that students are not understanding certain topics through 
formal assessments. He also asks for students’ input when he goes over the problem at the board.  
 
…sometimes I would put a problem on a board and say, okay, let's try and find 
out all different ways to solve this problem and see whether they can follow it.  I 
ask them to help me with the steps. I would follow up with a quiz next day and if I 
see majority of students do not do well, then I would present more examples of 
this type to make sure they understand it. 
 
  Due to time constrains Frank does not ask students to work on a problem that they did not 
encounter before. He believes that he must present the problem first and then students must 
practice problem of the similar type. He is able to assess that students are following the lesson by 




  In his typical class, Fred presents problems that he picked from the textbook. He presents 
the problems on the board. Sometimes he asks students to work on problems in groups. He 
expects students to take notes and pay attention to his explanation. He tried to leave some time at 
the end of the class for practice. During this time he walks around assisting students. The 
extensive amount of content in algebra curriculum does not leave enough time for practice and/or 




Group Work and Access 
 
  Fred does not call on people who do not wish to participate. He welcomes questions from 
students who feel comfortable asking them. When students working together, he does not assign 
people into groups and he does not give certain roles for group members.  
 
Fred believes that there is not enough time for group work in his algebra classes and it rarely 
happens in his class. He prefers individual practice or working with a partner.  
Curriculum 
 
Fred believes that the goal of the developmental math curriculum is to give students basic 
skills they need to be successful in credit-bearing classes. The algebra curriculum adequately 
prepare students who are interested in STEM related majors, but the extensive nature of curriculum 
does not leave time for enough applications that can be more useful for students interested in Non-
STEM related majors. He thinks that QL curriculum offers the opportunity to present problems 























Omitted Case II:  Steven 
 
Summary 
Steven has a bachelor’s and master’s degrees in pure mathematics. He has taught at UCC 
for 8 years teaching developmental arithmetic and algebra courses, liberal arts math, pre-calculus 
and calculus. He did not receive any formal teaching preparation as part of his education and he 
did not participate in professional development workshop offered by UCC, but he acknowledged 
that such workshops were offered. Steven prefers to improve his teaching on his own by 
researching new methods and strategies using online content, teachers’ books on pedagogy and 
instructor guides. Looking back, he believes he would benefit from in-person workshop because 
novice instructors need to be prepared what to expect in the classroom, especially with classroom 
management and student behavior.  
Belief about students 
Steven attributes low success rate of students in developmental math courses to lack of 
basic skills and math anxiety that comes from previous experiences. He states: 
They have a background problem from junior high or elementary school where 
they were unprepared and the foundation is not where it’s supposed to be at that 
level in college where they’re doing developmental Mathematics. I believe they 
have a fear in Math and they never want to even try sometimes. They need 
support and encouragement. 
 
He elaborates that by making mathematics more relevant to students they can appreciate 
its importance. Some of the topics that students can relate to are percentages and slope.  He 
believes that most topics in algebra can be connected with real life, but at the same time he states 






He considers developmental mathematics that he teaches equivalent to middle school 
mathematics. He believes that many students do not realize that without completing this 
requirement they cannot start the real college work and receive college education.  
 
Struggle 
Steven believes that the best way to identify students who are struggling is through formal 
assessments. He uses exams as ways to motivate students to improve.  
I grade highest to the lowest. And I always break them down by 10s, like 90s, 80s 
and so on. So I always encourage students to you know – those who go under 60s 
want to push 10 points up, 10 points up so we can. So when they see out there where 
the Median and Mean is, then they get the feeling “Oh, I’m below average so let 
me just push up. 
 
 He can also identify students who are struggling from walking around and observing students’ 
work. Their verbal responses also demonstrate the understanding.  
Typical Class 
  Steven describes his typical class starting with a lecture on a topic. He presents on average 
3 problems first, giving detailed explanation. Then he gives some time for students to work out 
another 3 problems, similar to one that he already covered, on their own. In meantime Steven 
walks around and assists students. He then goes over these problem, asking students to call out 
steps. The he assesses if more practice problems are needed.  
  If time permits, he asks students to work in groups on problems of higher complexity. 
However, group work is rare, it is more common for students to share their work in pairs. Also, 
he rarely asks students to present at the board because it takes instructional time away from class 
Steven selects problems from the textbook prior to each class and in many instances, he comes 





Steven rarely uses group work and student presentation in his algebra classes. However, 
after participating in QL workshop, he is considering to let his students work together. He wants 
to first try it in QL course.  
In QL course they’re supposed to be learning by themselves, help each other, then 
share answers with the class and learn. So I would not need to help individually 
every student. So that would be good if they worked in small groups and then 
share. That is a positive way of learning.  
 
Curriculum 
Steven believes that the goal of the developmental mathematics curriculum is to prepare 
students for higher level mathematics, such as pre-calculus and calculus. He does acknowledge 
that not all students need the higher level math for their majors and he is interested to explore 






TRU Math: Teaching for Robust Understanding in Mathematics14 
Scoring Rubric (Overview) 
 
This is the summary of the scoring rubric for the TRU Math (Teaching for Robust Understanding 
of Mathematics) classroom analysis scheme. TRU Math addresses five general dimensions of 
mathematics classroom activity. Each of these five dimensions is coded separately during whole 








                                                      
14 Schoenfeld, A. H., Floden, R. E., & the Algebra Teaching Study and Mathematics Assessment Project. (2014). The TRU 
Math Scoring Rubric. Berkeley, CA & E. Lansing, Mi: Graduate School of Education, University of California, Berkeley & 

















5. Uses of 
Assessment 
The extent to which 
the mathematics 
discussed in the 
observed lesson is 
focused and 









The extent to 
which classroom 
interactions create 









The extent to which 
classroom activity 
structures invite and 
support the active 
engagement of all of 
the students in the 
classroom with the 
core mathematics 
being addressed by 
the class 







build on one 






and their identities 
as doers of 
mathematics 
The extent to which 




responds to those 
ideas, by building 
on productive 
beginnings or 
addressing 
emerging 
misunderstandings 
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